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EXECUTIVE SUMMARY 
 
Lake Wawasee is located in the northeast section of Kosciusko County in northcentral 
Indiana, and is generally bordered by Route 13 to the west, the Noble County line to the 
east, and the Elkhart County line to the north.  A popular site for recreation and fishing, 
Lake Wawasee is Indiana’s largest natural lake.  The lake’s surface area is 3,400 acres, 
with a maximum depth of 77 feet and a mean depth of 22 feet. Runoff from the 24,450-
acre watershed flows into Lake Wawasee through Turkey Creek, Papakeechie Lake, 
Bonar Lake, Dillon Creek/Enchanted Hills, and several smaller drainages.  Lake 
Wawasee’s watershed drains to the northwest to the St. Joseph River, a tributary of Lake 
Michigan.   
 
The objective of this engineering feasibility study is to evaluate the technical, 
environmental, and social feasibility of Wawasee Area Conservancy Foundation 
(WACF)-identified projects that enhance water quality and the environmental value of 
Lake Wawasee. Pollution control projects were assessed at four locations around the 
lake: Enchanted Hills, South Shore, Bayshore, and Leeland Addition (Figure 1).  For 
each potential project, we produced preliminary design and documents, hydraulic and 
hydrologic analysis, lake response, permit requirements, easements and land availability, 
unusual physical and social costs, bioassessment data, probable cost of construction, and 
recommendations. In addition, special assessments of refacing of seawall with glacial 
stone and an environmental function of Mud Lake are also included. 
 
Restoration of the Original Flow Channel From Enchanted Hills to Johnson Bay Wetland 
 
Before the Enchanted Hills subdivision was developed, Dillon Creek flowed into Johnson 
Bay through the wetland system to the north and east of the bay.  The water quality 
benefits of rerouting Dillon Creek through the Johnson Bay wetland include reduced 
sediment and nutrient load entering Lake Wawasee.  In order to restore flow of Dillon 
Creek to Johnson Bay, the water level in the Enchanted Hills channels must be raised. 
Alternatives to raise the water level, while maintaining navigation include: 
 

• A lock and dam at the outlet of the channels to Lake Wawasee 
• A flood gate at the outlet to Lake Wawasee 
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We recommend the lock and dam, because it restores all flow to Johnson Bay, flood 
forecasting is not required, and it maintains navigation during high water. The project is 
estimated to cost $202,000, and would provide a natural filtering mechanism through the 
wetland. Velocities in the Enchanted Hills channels during storm flows will also be 
reduced by about one-third due to the higher elevation of the water level. This will 
slightly reduce erosion of the channel banks. There are potential negative impacts to the 
Johnson Bay Wetland, and these are identified in our report. 
 
Grade and Bank Stabilization in the Enchanted Hills Subwatershed 
 
The Enchanted Hills subdivision consists of homes (some atop steeply graded hills) 
abutting man-made channels, some of which are eroding and contributing sediment to 
Lake Wawasee.  Harza performed a lot-by-lot assessment of the subdivision to identify 
areas in need of bank and grade stabilization. Shoreline was categorized as followed: 
 

• “Severe” erosion totaled approximately 5,310 lineal feet  
• “Moderate” erosion totaled approximately 2,145 lineal feet  
• “Slight” erosion totaled approximately 2,670 lineal feet  
• “Potential” erosion totaled approximately 4,269 lineal feet  

 
We recommend that the areas of severe erosion be the initial focus of the grade and bank 
stabilization improvements, and fiber rolls, herbaceous vegetation, sheetpiling, and 
boulders and stone are identified as the best treatments.  The estimated cost of treating the 
5,310 lineal feet of severely eroding banks is $2,673,000. The expected benefit is a 64% 
annual reduction in the amount of sediment from the channel banks.   
 
Sediment Trap/Constructed Wetland on Dillon Creek 
 
This project would provide for detention and water quality treatment upstream of 
Enchanted Hills on Dillon Creek.  Three alternative sites on Dillon Creek, DC1, DC2, 
and DC3, were evaluated for biological integrity, water quality, and construction 
feasibility. All three sites showed comparable biological characteristics, and are 
characterized as forested wetlands. As the biological integrity of each site is similar, we 
recommend investigating the feasibility of a constructed wetland at DC2, due to the 
superior physical aspects of the site.  An enhanced wetland created by a sheetpile dam, 
and a cable dam are the two options we examined for this site. 
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We recommend constructing an enhanced wetland (sheetpile dam) at site DC2, due to its 
estimated efficiency of 54%, lower maintenance requirements than the cable dam, and its 
proven effectiveness as a treatment technology.  The estimated cost for this project is 
$93,000. 
 
Erosion Control on Development Sites and Sediment Trap and/or Stormwater Retention 
in the Leeland Addition (Martin Ditch) 
 
Martin Ditch collects stormwater runoff from surrounding agricultural areas, and flows to 
Lake Wawasee. The fields near Martin Ditch are classed as highly erodible lands. 
Erosion of the streambed between County Road 800 E and the Leeland Addition Road is 
also likely a source of sediment to the channels (NRCS, 1999).  We investigated source 
control on surrounding farm and residential properties, a series of riprap check dams on 
Martin Ditch, and a sediment trap in the channel north of South Drive. 
 
We recommend installing the check dams on Martin Ditch, due to the cost and estimated 
velocity reduction of up to 68%. We also recommend developing and implementing an 
on-farm erosion control plan for the Leeland Addition watershed. The check dams are 
estimated to cost $29,000 and the erosion control plan is estimated to cost $2,000. 
 
Erosion Control on Development Sites and Sediment Trap and/or Stormwater Retention 
in the South Shore Subwatershed 
 
The South Shore Area consists of a ditch draining the South Shore Golf Course and 
Route 13 to Lake Wawasee.  While we have no water quality data, it is likely that 
fertilizers and other chemicals used to treat the golf course are entering the South Shore 
Ditch via stormwater runoff.  Bank erosion has been observed in the streambed to the east 
of Route 13, and it is likely a minor source of sediment to the lake.  The clubhouse and 
parking lot of the golf course drains directly to Lake Wawasee via an underdrain, and it is 
possible that nutrients and sediment are entering the lake from this drainage. We 
investigated a sediment trap on South Shore Ditch, a nutrient management plan for the 
golf course, and a bioretention facility for the golf course parking lot. 
 
We recommend preparing a nutrient management plan for the golf course, and installing 
a bioretention facility east of the golf course parking lot.  These two choices will address 
both the area of the golf course that drains north to South Shore Ditch, and the area that 
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drains east to the lake via an underdrain. The nutrient management plan is estimated to 
cost $2,000. The bioretention facility is estimated to cost $179,000 and will remove 90% 
of the total suspended solids, and 70-80% of the nutrients in the runoff. 
 
Reconstructed Wetland in the Bayshore Swamp 
 
The Bayshore Area consists of a residential area developed around dredged boat channels 
to the lake. The Bayshore channel is fed by a ditch that collects agricultural runoff also 
from fields to the south of Hatchery Road.  There is an existing wetland system to the 
south of Hatchery Road that spans CR 850E, with a culvert under the road. We 
investigated impounding the wetland west of CR 850E, and in-channel sediment trap at 
Bayshore. We recommend the sediment trap in the Bayshore channel, due to its estimated 
trapping efficiency of 45%. The estimated cost of the project is $69,000. 
 
The following tables present the budget and schedule for the implementation projects. To 
develop this cost, we used estimates from previously published reports, and adjusted by 
an inflation and safety factor of 10%.  For materials costs less than $100,000, engineering 
fees were calculated at 15% of the materials cost.  For materials costs above $100,000 
engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. The stilling basin will be designed to hold 2-3 years 
worth of sediment, after which time maintenance costs will be incurred for sediment 
removal.  Annual inspection of the structure is also recommended. 
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BUDGET FOR DESIGN AND IMPLEMENTATION PROJECTS 
Treatment Type Section Construction Services Engineering Contingency Total 

Restore Dillon Creek 
Flow to Johnson Bay 
Via Lock and Dam 

4.1 $133,000 $14,000 $14,000 $41,000 $202,000 

Enchanted Hills Grade 
and Bank Stabilization 

4.2 $1,943,000 - $195,000 $535,000 $2,673,000

Enhanced Wetland on 
Dillon Creek at DC2 

4.3 $59,000 $6,000 $9,000 $19,000 $93,000 

Erosion Control Plan for 
Leeland Addition 
Watershed 

4.4 - - $1,800 $200 $2,000 

Five Check Dams on 
Martin Ditch 

4.4 $18,000 $2,000 $3,000 $6,000 $29,000 

Nutrient Management 
Plan for South Shore 
Golf Course 

4.5 - - $1,800 $200 $2,000 

Bioretention for South 
Shore Country Club 
Parking Lot 

4.5 $119,000 $12,000 $12,000 $36,000 $179,000 

Sediment Trap in 
Bayshore Channel 

4.6 $43,000 $5,000 $7,000 $14,000 $69,000 

Total  $2,315,000 $39,000 $243,600 $651,400 $3,249,000
 
We recognize that funds may not be available for immediate design and implementation 
of all of these recommended projects. Therefore, we recommend that the following five 
projects be designed and implemented during 2001-2002: Enhanced Wetland on Dillon 
Creek at DC2, Erosion Control Plan for Leeland Addition Watershed, Five Check Dams 
on Martin Ditch, Nutrient Management Plan for the South Shore Golf Course, and a 
Sediment Trap in the Bayshore Channel. We recommended designing and implementing 
the remaining projects at a later date. The schedule is designed to reflect this two-tiered 
approach. 
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PROPOSED SCHEDULE FOR DESIGN AND IMPLEMENTATION PROJECTS 

Activity 2001 2002 2003 2004 
Quarter: 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Restore Dillon Creek Flow to Johnson Bay Via Lock and Dam            D D D  x  

Enchanted Hills Grade and Bank Stabilization            D D   x  

Enhanced Wetland on Dillon Creek at DC2   D D D  x          

Erosion Control Plan for Leeland Addition Watershed     D D           

Five Check Dams on Martin Ditch     D   x           

Nutrient Management Plan for South Shore Golf Course     D D           

Bioretention for South Shore Country Club Parking Lot           D D D  x  

Sediment Trap in Bayshore Channel   D D D  x          

D = Design Phase 
X = Construction 
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1.0 INTRODUCTION 
 
1.1 BACKGROUND 
 
In 1999, the Wawasee Area Conservancy Foundation (WACF) was provided a grant 
under the Indiana Department of Natural Resources (IDNR) Lake and River 
Enhancement (LARE) program.  The grant funds were used to procure the services of a 
consulting engineering company to perform a lake enhancement engineering feasibility 
study.  The engineering feasibility study follows the 1995 Lake Enhancement 
Diagnostic/Feasibility Study for the Wawasee Area Watershed, which was also funded by 
the LARE program. 
 
1.2 OBJECTIVE 
 
The objective of this engineering feasibility study is to evaluate the technical, 
environmental, and social feasibility of WACF-identified projects and to enhance water 
quality and the environmental value of Lake Wawasee. 
 
1.3 SCOPE OF STUDY 
 
Lake Wawasee has historically exhibited high water quality, however during runoff 
events, plumes of sediment have been observed to enter the lake at several inlet areas.  
The 1995 Diagnostic/Feasibility report identified areas of the watershed in which 
improvements are necessary. These areas include the Enchanted Hills, South Shore, 
Bayshore, and Leeland Addition subwatersheds.  The following are projects included in 
this engineering feasibility study:  
 
a. Restoration of the original flow channel from the Enchanted Hills through Johnson 

Bay  

b. Grade stabilization structures in Enchanted Hills subwatershed 

c. Bank stabilization in Enchanted Hills subwatershed 

d. Sediment trap and constructed wetland on Dillon Creek (Enchanted Hills) 

e. Erosion control on development sites (e.g., Leeland Addition and South Shore) 
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f. Sediment traps and/or stormwater retention in the Leeland Addition (Martin Ditch) 
and South Shore subwatersheds 

g. A reconstructed wetland in the Bayshore Swamp 

 

In addition to the projects identified above, the study includes specifies assessments of: 

h. Refacing of concrete seawalls with glacial stone  

i. Water quality and environmental function of the Mud Lake area 
These potential projects and assessments address the community’s perceived pollution 
sources and special concerns. 
 
The engineering feasibility study involves the following 19 tasks: 
 
Task 1:  Identification of Potential Construction Sites 
Task 2:  Complete Preliminary Engineering/Calculations 
Task 3:  Facilitate Public Meetings Regarding the Proposed Project 
Task 4:  Create a Public Information Handout 
Task 5:  Project Progress Reporting 
Task 6:  Complete Conceptual Drawings 
Task 7:  Determine Preliminary Design and Construction Project Cost Estimates 

and Timelines 
Task 8:  Determine Easements and Land Availability 
Task 9:  Determine Unusual Physical and/or Social Costs of the Proposed Project 
Task 10: Complete a Flood Stage Analysis if Determined Necessary 
Task 11: Determine Functionality and/or Impact of Proposed Project with Respect 

to Condition of the Lake 
Task 12: Conduct a Wetland Functional Assessment or Vegetation Survey 
Task 13: Conduct a Survey of Biological and Habitat Integrity Downstream of 

Proposed Sites 
Task 14: Identify Financing Opportunities 
Task 15: Assess Environmental Effects 
Task 16: Document Justification for Proposed Site Selection 
Task 17: Complete Early Coordination Process for Permits  
Task 18: Complete Engineering Feasibility Report 
Task 19: Update Any Outdated Parameters and Address Information Gaps 
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2.0 DESCRIPTION OF THE STUDY AREA 
 
2.1 LOCATION 
 
Lake Wawasee is located in the northeast section of Kosciusko County in northcentral 
Indiana (Exhibit 1).  Lake Wawasee is generally bordered by Route 13 to the west, the 
Noble County line to the east, and the Elkhart County line to the north.  The lake’s center 
falls at approximately latitude: 41°24’30” and longitude: 85°43’00”.  
 
2.2 BACKGROUND REPORTS 
 
Background data on Lake Wawasee includes the following reports: 
 

• Preliminary Investigation of the Lakes of Kosciusko County (Hippensteel, 1989),  
which analyzes land use activities for their impacts on water quality; 

• Enchanted Hills Watershed Evaluation (SWCD, 1994), which identifies sources 
of sediment and suggested possible remediation strategies; 

• Lake Enhancement Diagnostic/Feasibility Study for the Wawasee Area Watershed 
(Commonwealth Biomonitoring, 1995) which identifies “hot spots” of pollution 
around the lake, and; 

• Several letter reports focusing on specific areas around the lake (NRCS, 1998-
1999), including recommendations regarding sediment control at the Bayshore 
and Leeland Addition areas. 

 
2.3 LAKE PHYSICAL CHARACTERISTICS 
 
A popular site for recreation and fishing, Lake Wawasee is Indiana’s largest natural lake.  
The lake’s surface area is 3,400 acres, with a maximum depth of 77 feet and a mean 
depth of 22 feet. Runoff from the 24,450-acre watershed flows into Lake Wawasee 
through Turkey Creek, Papakeechie Lake, Bonar Lake, Dillon Creek/Enchanted Hills, 
and several smaller drainages.  Lake Wawasee’s watershed drains to the northwest to the 
St. Joseph River, a tributary of Lake Michigan.  The mean hydraulic retention time of 
water within Lake Wawasee is 3.5 years (Spacie and Loeb, 1990). 
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2.4 WATERSHED CHARACTERISTICS 
 
The Lake Wawasee watershed is approximately 24,450 acres, one of the largest in the 
state of Indiana.  Streams draining to Lake Wawasee include Turkey Creek, Dillon Creek, 
Launer Ditch, Norris Branch, South Tributary, Martin Ditch, South Shore Ditch, and the 
Papakeechie Lake watershed. Land uses in the watershed are summarized in Table 1 and 
shown in Exhibit 2 (Indiana GAP Database).   
 

Table 1 
 

LAND USE IN LAKE WAWASEE WATERSHED 
(Source: Indiana GAP Database) 

Land Use Acres 
Urban 785 

Agriculture 12,415 
Pasture 3,220 

Forest/Woodland 3,975 
Water 4,055 

 
Agricultural lands comprise 51% of the watershed, with urban areas only contributing 3% 
of the total watershed area. As the watershed is largely undeveloped, the likely sources of 
the observed sediment loadings to the lake include the agricultural lands, and natural 
erosion from the pastures and forested areas. Current and historical agricultural practices 
and cropping systems are summarized in Section 4.1.1.3 
 
2.5 SOILS 
 
Soils of the watershed consist of sandy and silty loams, the types of which are shown 
below (Table 2) and in Exhibit 3. The soils in the Lake Wawasee watershed were formed 
in loamy glacial till of Wisconsinan Age and are on moraines and till plains. Slopes range 
from 0 to 60 percent (STATSGO database and NRCS 1998). 
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Table 2 
 

SOIL TYPES IN LAKE WAWASEE WATERSHED 
(Source: STATSGO Database) 

Soil Type Acres 
CROSIER 2,418 
GLYNWOOD 1,209 
HOMER 1,245 
HOUGHTON 3,408 
KALAMAZOO 3,517 
RIDDLES 714 
SPINKS 639 
WAWASEE 8,496 

 
Crosier Series 
The Crosier series consists of moderately deep to dense till, somewhat poorly drained 
soils that formed in glacial till on till plains and moraines. Permeability is moderate in the 
upper part of the subsoil, moderately slow in the lower part, and slow in the substratum. 
These soils are moderately deep over dense till. Slope ranges from 0 to 4 percent.  
 
Glynwood Series 
The Glynwood series consists of very deep soils that are generally moderately deep to 
dense till. They are moderately well drained soils formed in loamy till of high lime 
content with a thin layer of loess in some areas. These soils are on till plains and 
moraines and permeability is slow. Slope ranges from 0 to 40 percent but is typically 2 to 
18 percent. 
 
Homer Series 
The Homer series consists of very deep, somewhat poorly drained soils formed in loamy 
outwash material and in the underlying stratified calcareous sand and gravelly coarse 
sand on outwash plains, terraces, and valley trains. These soils are moderately permeable 
in the subsoil and very rapidly permeable in the underlying sand and gravel. Slopes range 
from 0 to 6 percent. 
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Houghton Series 
The Houghton series consists of very deep, very poorly drained soils formed in 
herbaceous organic deposits more than 51 inches thick in depressions on lake plains, 
outwash plains, ground and end moraines and on floodplains. These soils have 
moderately slow to moderately rapid permeability. Slopes range from 0 to 2 percent. 
 
Kalamazoo Series 
The Kalamazoo series consists of very deep, well drained soils formed in loamy outwash 
overlying sand, loamy sand, or sand and gravel outwash on outwash plains, terraces, 
valley trains, and low lying moraines. These soils have moderate permeability in the 
upper loamy materials and rapid permeability in the lower sandy materials. Slopes range 
from 0 to 18 percent. 
 
Riddles Series 
The Riddles series consists of very deep, well drained, soils that formed in loamy and 
sandy till on moraines. Permeability is moderate and slopes range from 0 to 35 percent. 
 
Spinks Series 
The Spinks series consists of very deep, well drained soils formed in sandy eolian or 
outwash material. They are on dunes, and on foot slopes of moraines, till plains, outwash 
plains, beach ridges and lake plains. These soils have moderately rapid permeability. 
Slopes range from 0 to 60 percent. 
 
Wawasee Series 
The Wawasee series consists of deep, well-drained, moderately permeable soils formed 
in glacial till on moraines and till plains. These upland soils have slopes ranging from 0 
to 18 percent. 
 
2.6 WATER QUALITY 
 
Based on results of watershed sampling and loading allocations, the following water 
quality observations were made (Commonwealth Biomonitoring, 1995): 
 

• Compared to other small streams draining agricultural areas in Indiana, the 
tributaries in the Lake Wawasee watershed have low suspended solids and 
phosphorus concentrations. 
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• It is estimated that Dillon Creek contributes 17% of Total Phosphorus, 29% of 
Total Nitrogen, and 34% of Total Suspended Solids to Lake Wawasee (these 
loadings are approximately twice as much as its watershed area would predict). 

• It is estimated that Turkey Creek contributes 40% of Total Phosphorus, 52% of 
Total Nitrogen, and 44% of Total Suspended Solids to Lake Wawasee (these 
loadings are almost exactly in proportion to its watershed area). 

• It is estimated that South Shore Ditch contributes 1% of Total Phosphorus, 2% of 
Total Nitrogen, and 10% of Total Suspended Solids to Lake Wawasee (however, 
the Total Suspended Solids estimate is based upon a stream sample taken during 
an upstream construction project and it is likely that this does not reflect current 
conditions, as the construction project has now been completed). 

 
During runoff events, plumes of sediment have been observed to enter the lake at several 
inlet areas. An attempt was made in the late fall of 2000 to characterize the current flow 
conditions, and suspended solids and nutrient levels associated with wet weather plumes 
of sediment.  Stormwater samples were taken by WACF staff at four inlets to the lake 
(Exhibit 4) at 9:30am on November 26, 2000.  The samples were analyzed by Sherry 
Labs of Fort Wayne, Indiana. Results of the Total Phosphorus and Total Suspended 
Solids analyses are shown below in Table 3. 
 

Table 3 
 

STORM WATER QUALITY SAMPLING DATA 
November 26, 2000 

Site 
Total Phosphorus 

(mg/L) 
Method M4500-PE 

Total Suspended Solids 
(mg/L) 

Method E160.2 
Bayshore <0.4 14 
Marineland <0.4 4 
South Shore <0.4 5 
Dillon Creek <0.4                    <2 

 
The Goshen, Indiana weather station recorded that the storm on November 25-26, 2000 
produced 0.53 inches of rain during the 18 hours prior to when the samples were taken 
(Purdue, 2000). This is a very common storm for northcentral Indiana, which will occur, 
on average, more frequently than once every two months.  For perspective, an 18-hour 
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storm that occurs every two months produces 1.22 inches of rain. It is unlikely that the 
November 25-26th storm was intense enough to reproduce the sediment plumes observed 
in the past. This is supported by the water quality laboratory results, which indicate low 
suspended solids and low nutrient levels at all locations sampled.   
 
2.7 ENVIRONMENTAL FUNCTION OF MUD LAKE 
 
The continental divide is approximately 2.5 miles south of Lake Wawasee.  The northern 
side of this watershed boundary, which includes Lake Wawasee and Syracuse Lake, is 
part of the Lake Michigan drainage.  Turkey Creek flows through Wawasee to the 
Elkhart River, which is tributary to the Saint Joseph River, and Lake Michigan.  Lands 
south of this boundary drain to the Mississippi River via the Tippecanoe, Wabash, and 
Ohio Rivers.  A benefit of being near a continental watershed divide is a limited upstream 
area that can contribute contaminants to the watershed and Lake Wawasee.  This allows 
watershed improvements to have more influence on lake water quality. 
 
Turkey Creek flows in a northwestern direction from its headwaters in Knapp Lake, 
through Lake Wawasee, Mud Lake and Syracuse Lake to the confluence with the Elkhart 
River.  Mud Lake connects Lake Wawasee to Syracuse Lake.  Lake Wawasee is 3,410 
acres and has a maximum depth of 77 feet.  Syracuse Lake is 414 acres and has a 
maximum depth of approximately 34 feet.  Mud Lake has an area of 150 acres and a 
maximum depth of 7 feet. 
 
The entire lakebed of Mud Lake is within the photic zone (the area of light penetration).  
This allows vegetative communities to become established throughout Mud Lake.  The 
shorelines are colonized by emergent vegetation.  Further from shore, floating-leaved 
communities have become established.  Submergent vegetation communities are in the 
deeper areas of Mud Lake.  The surrounding wetlands and emergent shoreline vegetation 
gives Mud Lake a marsh-like quality. 
 
Mud Lake is more sheltered from winds than the larger lakes on either side.  Diminished 
wind and wave action and the emergent and submergent vegetation communities 
facilitates the deposition of suspended solids in Mud Lake.  The increasing sediment 
deposits and shallower depths in Mud Lake will continue to support abundant aquatic 
vegetation. 
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2.7.1 Water Quality 
 
The following table contains water quality data collected by Harza on September 13, 
2000.  Dissolved oxygen (DO), water temperature and pH readings were made using a 
YSI model 6920 water quality data logger. 
 

Table 4 
 

LAKE WATER QUALITY SAMPLING DATA 
September 13, 2000 

Lake Name Mud Lake Syracuse Lake Lake Wawasee 
 Below 

surface  
(0.5 feet) 

Below 
surface 

(0.5 feet) 

Bottom 
(15 feet) 

Below 
surface 

(0.5 feet) 

Bottom 
(50 feet) 

Northing 41° 25.152’ 41° 25.475’ 41° 24.486’ 
Easting 85° 43.911’ 85° 44.171’ 85° 43.572’ 

Water temp (°C) 20.0 23.0 22.5 22.5 16.0 
DO (mg/L) 3.50 7.10 6.40 7.15 0.40 

Conductivity (µmhos) 290 320 310 
Secchi disk (ft) >7 12.5 8.5 

pH 6.79 7.62 7.40 
 

The deepest location in Mud Lake found during the September survey was seven feet.  
The Secchi disk was visible on the lakebed in Mud Lake.  This places the entire area of 
Mud Lake within the photic zone, or the area of light penetration. 
 
DO is a measure of the amount of oxygen that is dissolved in the water column and is 
available to support aquatic life.  DO levels near the saturation point generally indicate a 
healthy environment for fish and other aquatic life.  Indiana’s surface water quality 
standard for DO is an average of at least 5 mg/L per day and at no time should levels fall 
below 4 mg/L.  The September 13, 2000 survey measured DO levels in Mud Lake at 3.5 
mg/L just below the surface, which is below the Indiana state water quality standard.  
However the standards are based on stream systems and may not be entirely applicable to 
shallow lakes. Mud Lake was not thermally stratified, and therefore a DO reading was 
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not taken at the lake bottom. DO in Mud Lake was 40% of saturation.  This can cause 
stress to the fish and macroinvertebrate communities in Mud Lake. 
 
Lake Wawasee was the only one of the three lakes that was thermally stratified during the 
September 2000 survey.  Stratification prevents surface waters from mixing with bottom 
waters.  The waters at the bottom, the hypolimnion, then become oxygen depleted.   
 
Conductivity is the ability of water to carry an electric current and depends on the 
concentration of dissolved ions.  It is an indirect measure of dissolved solids in the water.  
Typical dissolved solids include salts, organic materials and nutrients.  Conductivity 
levels in all three lakes were low, ranging from 290 to 320 µmhos, indicating low 
dissolved ion levels. 
 
Water’s hydrogen ion concentration is expressed as pH.  Measurement below neutral (pH 
7.0) indicate higher hydrogen ion concentrations and that the water is acidic.  
Measurements above neutral indicate low hydrogen ion concentrations and that the water 
is basic.  The three lakes had a pH range of 6.79-7.62.  These values are within the 
Indiana surface water quality standard range of 6.0-9.0.  Mud Lake was slightly acidic 
and Wawasee and Syracuse lakes were slightly basic. 
 
2.7.2 Aquatic Vegetation 
 
Mud Lake has a predominately fine-textured bottom, entirely in the photic zone.  Aquatic 
vegetation can thrive throughout Mud Lake since the sunlight is able to penetrate to the 
lake bed.  Much of the shoreline is colonized floating and emergent vegetation, including 
duckweed (Lemna minor), broad-leaved arrowhead (Sagittaria latifolia), water lily 
(Nymphaea odorata) and pond lily (Nuphar lutea).  The deeper areas of Mud Lake are 
colonized by submergent vegetation, including pondweed (Potamogeton pectinatus) and 
coontail (Ceratophyllum demersum).  If the submergent vegetation communities continue 
to silt in, they will eventually become shallow enough to support emergent vegetation. 
 
2.7.3 Resident Questionnaire 
 
In December 2000, six Mud Lake residents were interviewed over the telephone by Harza 
staff to obtain their opinion on issues involving Mud Lake (Table 5).  While this is a 
small sample size, attempts to contact other residents were unsuccessful. 
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Table 5 

 
MUD LAKE RESIDENT SURVEY 

Number of Respondents 
Question 

YES NO Does not know 
1.  Is the water in Mud Lake turbid and muddy during periods 

of high boat traffic? 
3 1 2 

2.  Is the water in Mud Lake turbid and muddy during periods 
of low boat traffic? 

 6  

3.  Does the water in Mud Lake appear turbid and muddy on 
the weekend and then clear up on Monday morning? 

2 1 3 

3 people observed fast boats 4.  What are the fastest boat speeds you have observed on 
Mud Lake? 5 people observed fast personal watercraft 

100, 150 plus, 200 boats/hour 
2 people said steady traffic 

5.  During the busiest times, how many boats would you 
estimate pass through the channel during one hour? 

1 person had no idea 
6a.  If you fish the lake, have you observed any difference in 

fisheries during periods of high boat traffic? 
2 1 3 

6b.  Have you observed any differences in the fisheries over 
the past years? 

4 2  

1 person observed fewer herons/cranes 
3 people observed increase in Canada geese 

3 people observed increase in muskrats 
1 person observed fewer snakes 

7.  Have you observed any positive or negative changes in 
wildlife (aquatic mammals, birds, reptiles) communities 
over the past years? 

2 people observed no changes 
5 people observed an increase in vegetation 8.  Have you observed any positive or negative changes in 

aquatic vegetation over the past years? 1 person said there has been no change 
 
Of the residents questioned, more people believed that Mud Lake’s turbid and muddy 
quality is a result of boat activity.  All of the residents have observed fast moving craft on 
Mud Lake and 5 of 6 mentioned personal watercrafts being among the fastest types of 
watercraft observed on the lake. 
 
Twice as many people (2 to 1) believe that fish are affected during periods of high boat 
traffic, and twice as many people (4 to 2) believe there has been degradation in the 
fisheries of Mud Lake over the past several years. 
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Half of the people questioned have observed increases in Canada geese and increases in 
muskrats.  Five out of six of the people questioned have observed an increase in the 
amount of aquatic vegetation. 
 
2.8 REFACING SEAWALLS WITH GLACIAL STONE ASSESSMENT 
 
The demonstration project of refacing of the seawall on the north shore of Lake Wawasee 
with glacial stone has not yet taken place.  The Indiana Department of Natural Resources 
(IDNR) Division of Fish and Wildlife has collected pre-construction data along the north 
shore seawall.  The IDNR’s pre-construction data includes: fishery survey, sediment 
sampling, and qualitative observations of macrophytes and algae. 
 
The results of refacing the north shore seawall are unknown.  It is anticipated that the 
placement of glacial stone will improve the present aesthetics, water quality and shoreline 
habitat conditions along the north shore in Lake Wawasee. 
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3.0 LAKE ENHANCEMENT ALTERNATIVES 
 
3.1 APPROACH 
 
The purpose of an engineering feasibility study is to identify, screen, and compare project 
alternatives and to select one or more alternatives for further study or design.  Alternative 
methods for enhancing Lake Wawasee were evaluated using a two-level procedure, with 
the depth of study increasing as the list of alternatives narrowed to those most feasible. 
The evaluation involves: 
 

Identification and Screening – A comprehensive list of reasonable lake 
enhancement methods was compiled. Alternatives that were obviously not 
applicable to Lake Wawasee, had unacceptable environmental impacts, or 
unproven technology were eliminated from further consideration. 
 
Feasibility Evaluation – Alternative methods were evaluated for technical 
feasibility for enhancing Lake Wawasee.  The alternatives remaining for 
evaluation at this level of study were prioritized for implementation based on 
effectiveness and cost. 

 
3.2 IDENTIFICATION AND SCREENING 
 
For the purposes of lake enhancement, we have focused our study on alternative methods 
to reduce sediment loadings to Lake Wawasee.  The locations of problem areas, or 
sources, were identified by the WACF and were incorporated into the engineering 
feasibility study (Exhibit 5): Enchanted Hills, South Shore, Bayshore/Marineland, and 
Leeland Addition. A comprehensive list of lake enhancement measures was generated 
from compiling the recommendations of past investigators, recent workshops held with 
lake users, and the best professional judgment of the consulting team.  
 
The site selection memorandum (Harza, 2000) identified alternatives for each problem 
area identified by the WACF (Appendix A).   A summary of selected potential pollution 
control projects is included below. 
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3.2.1 Restoration of the Original Flow Channel from the Enchanted Hills to the 
Johnson Bay Wetland 

 
When the Enchanted Hills subdivision was developed, Dillon Creek was diverted 
through the channels and into Lake Wawasee near Cedar Point.  Previously, Dillon 
Creek flowed into Johnson Bay through the wetland system to the north and east of the 
bay.  The water quality benefits of rerouting Dillon Creek through the Johnson Bay 
wetland include reduced sediment or nutrient load entering Lake Wawasee from the 
Dillon Creek/Enchanted Hills area due to slowing of the water and plant uptake of 
nutrients in the wetland, and greater flushing potential for the Enchanted Hills channels.  
 
In order to restore flow to Johnson Bay, the water level in the Enchanted Hills channels 
must be raised. Alternatives to raise the water level, while maintaining navigation 
include: 
 

• A lock and dam at the outlet of the channels to Lake Wawasee 
• A flood gate at the outlet to Lake Wawasee 

 
Both of these alternatives will be evaluated in our feasibility study. 
 
3.2.2 Grade and Bank Stabilization in the Enchanted Hills Subwatershed 
 
The Enchanted Hills subdivision consists of homes (some atop steeply graded hills) 
abutting man-made channels.  The channel slopes throughout the subdivision are eroding 
and are sources of sediment to Lake Wawasee.  Large sediment plumes have been 
observed at the inlet to the lake.  Harza performed a lot-by-lot assessment of the 
subdivision to identify areas in need of bank and grade stabilization, as further described 
in Section 4.2.  We characterized erosion as “severe” (unprotected with moderate to steep 
slopes, some vegetation, and severe erosion),  “moderate” (unprotected with moderate to 
steep slopes, vegetation, and moderate erosion), “slight” (unprotected with gentle slopes, 
vegetated, and moderate erosion) and “potential” (unprotected with gentle to steep slopes, 
vegetated, and no current erosion). Shoreline categorized as “severe” totaled 
approximately 5,310 lineal feet, areas categorized as “moderate” totaled approximately 
2,145 lineal feet, areas categorized as “slight” totaled approximately 2,670 lineal feet, and 
areas of categorized as “potential” totaled approximately 4,269 lineal feet.  
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Various types of erosion control are available, including: 
 

• Fiber rolls; 
• Emergent and herbaceous plantings; 
• Sheetpiling; 
• Concrete seawalls; and  
• Boulders and stone.  
 

We recommended that the areas of severe erosion be the initial focus of the grade and 
bank stabilization improvements, with the highest priority given to shoreline that takes 
the most wave/wake energy (i.e. entrance to channels from Lake Wawasee, and channel 
intersections). Each area of severe erosion will be evaluated for the most feasible bank 
stabilization measure. 
 
3.2.3 Sediment Trap/Constructed Wetland on Dillon Creek 
 
This alternative would provide for detention and water quality treatment upstream of 
Enchanted Hills on Dillon Creek.  Reducing flow rates and volumes and increasing 
detention time would lead to greater sedimentation and nutrient removal.  A sediment 
trap, consisting of a settling basin with a sheetpile dam, is one alternative for Dillon 
Creek. A constructed wetland, consisting of a settling basin, sheetpile dam, and shallow 
pool with wetland vegetation, is another alternative. Both the sediment trap and 
constructed wetland require regular sediment removal and maintenance. 
 
Three sites on Dillon Creek, DC1, DC2, and DC3, were evaluated for biological integrity 
and water quality (Appendix A). All three sites showed comparable biological 
characteristics, and are characterized as forested wetlands.  
 
As the biological integrity of each site is similar, we recommended investigating the 
feasibility of a constructed wetland at DC2, due to the superior physical aspects of the 
site.  The DC2 site is wide and flat, compared to sites DC1 and DC3, and is likely a 
source area for sediment. Placing a constructed wetland at DC2 would allow settling of 
sediment and stabilization of the area during storm flow, and straightforward access for 
maintenance. 
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3.2.4 Erosion Control on Development Sites and Sediment Trap and/or 
Stormwater Retention in the Leeland Addition (Martin Ditch) 

 
Martin Ditch collects stormwater runoff from surrounding agricultural areas, and flows to 
Lake Wawasee. The fields near Martin Ditch are classed as highly erodible lands and 
were included in the United States Department of Agriculture’s Conservation Reserve 
Program (CRP) at one time.  The contract has since expired, and the fields have been 
returned to cultivation. Reestablishing these fields in the CRP program would reduce the 
amount of sediment entering channels at the Leeland Addition.  Erosion of the streambed 
between County Road 800 E and the Leeland Addition Road is also likely a source of 
sediment to the channels (NRCS, 1999).  Stream bank stabilization measures were 
recommended for Martin Ditch by the NRCS.  Channel hardening, placing riprap along 
channel bottom and banks, is an option to reduce erosion of the streambed. Regrading, 
opening the canopy, and planting the banks with native herbaceous vegetation would also 
stabilize the banks and reduce stream bank erosion. Both of these options would require 
disturbance of the natural, forested setting of Martin Ditch. Constructing a series of check 
dams, or riprap structures, at several locations in the streambed of Martin Ditch would 
dissipate energy and reduce the potential for streambed erosion to occur.   
 
The south side of the South Drive is a potential structural BMP site. Construction there 
would require disturbance of a high quality hardwood forest. Alternatively, a sediment 
trap in the channel north of South Drive is also an option for sediment removal.  This 
alternative may have landowner opposition, navigational, and land acquisition obstacles. 
Previous sources of sediment, such as the construction of the new Wawasee Middle 
School and the sanitary sewer borrow area, have since been vegetated. 
 
We recommended pursuing source control on surrounding farm and residential 
properties. In addition, a series of riprap check dams on Martin Ditch and a sediment trap 
in the channel north of South Drive will be investigated.  These options were selected for 
feasibility study because they minimally disturb the wooded area south of South Drive. 
 
3.2.5 Erosion Control on Development Sites and Sediment Trap and/or 

Stormwater Retention in the South Shore Subwatershed 
 
The South Shore Area consists of a ditch draining runoff from the South Shore Golf 
Course and Route 13, and flowing to Lake Wawasee.  Based on previous sampling results 
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(Commonwealth Biomonitoring, 1995), it is likely that fertilizers and other chemicals 
used to treat the golf course are entering the South Shore Ditch via stormwater runoff.  
Nutrient management planning by the South Shore Country Club should reduce nutrient 
loadings. There is a small existing wetland area to the west of Route 13 owned by the 
South Shore Country Club, and it may be possible to improve the existing wetland to 
assimilate more nutrients.  This may require permits from the Army Corps of Engineers 
and the County Surveyor, and land may need to be acquired. Severe bank erosion has 
been observed in the streambed to the east of Route 13, and it is likely a minor source of 
sediment to the lake. Opening the canopy and planting the banks with native herbaceous 
vegetation would serve to stabilize the banks and reduce stream bank erosion.  Due to the 
small area, regrading may be difficult.  
 
Creating a wetland east of Route 13 would provide additional nutrient removal capacity.  
Due to the limited area, it may not be feasible.  Another option would be to provide 
bioretention at this location, which would be comprised of plantings covered with 
hardwood mulch.  Water flowing through the ditch would be slowed and would filter 
through the hardwood mulch/plantings mixture removing sediment and nutrients. Land 
easements would need to be acquired, as well as permits.  In the past, construction 
projects to the west of Route 13 were causing sediment to enter the ditch and 
subsequently enter Lake Wawasee. These construction projects are now complete, and 
this source is no longer significant. 
 
We recommend a feasibility evaluation of source control at the golf course.  In addition, 
the sediment trap and bioretention options should be investigated.  The site to the east of 
Rte 13 was selected as to provide the least amount of disturbance to the existing wetland 
west of Rte 13.  
 
3.2.6 Reconstructed Wetland in the Bayshore Swamp 
 
The Bayshore Area consists of a residential area developed around dredged boat channels 
to the lake. The Bayshore channel is fed by a ditch that collects agricultural runoff also 
from fields to the south of Hatchery Road.  Sediment plumes have likewise been  
observed where the Bayshore channel enters Lake Wawasee. There is an existing wetland 
system to the south of Hatchery Road that might be reconfigured to increase sediment 
removal. The wetland spans CR 850E, with a culvert under the road. Increasing sediment 
trapping efficiency in this wetland would entail greater detention, either by increasing 
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volume, or flow path length.  Increased volume can be obtained by creating a sheetpile 
impoundment at the outlet of the wetland to the west of CR 850E before the water enters 
the culvert under the road. This would contain the water to the west of the road, and 
release it slowly through the culvert the wetland to the east of CR 850E. Another option 
would be to route runoff through the recreational ponds west of the road to slow the water 
before entering the wetlands.  The stream to the south of the ponds could be diverted first 
into the eastern-most pond and then back into the wetland to the north  as suggested by 
NRCS (1998). This would allow the sediment to settle out before reaching the wetlands, 
and subsequently, Lake Wawasee.  Both of these options involve reconstruction of 
existing wetlands, and would require permits from the Army Corp of Engineers, IDNR, 
and the County Surveyor.  Both options would also require the land to be acquired or 
leased. Should alterations of the existing ponds be selected, the owner would have to be 
amenable to the potential impairment of the ponds for recreational uses such as 
swimming or fishing. Alternatively, an in-lake sediment trap in the channel is also an 
option for sediment removal. This alternative also presents landowner, navigational, and 
regulatory obstacles. 
 
At this time, we recommend investigating the impoundment of the wetland west of CR 
850E.  This option will back up the water and allow settling of sediment, without the loss 
of the recreational benefits of the ponds. We also recommend investigating the in-channel 
sediment trap at Bayshore, which would provide sediment removal while allowing easy 
access for maintenance and sediment removal. 
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4.0 FEASIBILITY ANALYSIS 
 
4.1 RESTORATION OF THE ORIGINAL FLOW CHANNEL FROM THE 

ENCHANTED HILLS TO THE JOHNSON BAY WETLAND 
 
4.1.1 Preliminary Design 
 
The Johnson Bay Wetland slopes from its northern boundary along the Baltimore & Ohio 
Railroad and its western boundary along East Wawasee Drive down to the lake shoreline.  
The average ground elevation at the high end is between 860 and 870 feet. Lake level is 
approximately El. 859.9 feet above mean sea level.   
 
The historical source of water for these wetlands included the watershed currently 
draining to the Enchanted Hills channels via Dillon Creek.  The natural ridge along the 
lake shore between the channels and the lake would indicate that Dillon Creek and its 
tributaries once flowed parallel to the lake shore before emptying into the lake through 
the wetland. 
 
In order to restore this flow, at least partially, the water level within the channels must be 
raised to a level just above the ground level in the wetland along Wawasee Drive.  
Exhibit 6 shows a profile along Dillon Creek, through the channels and across the 
wetland to the lake.  It is postulated that the construction of the channels interrupted the 
natural flow path to the wetland.  By raising the water level within the channels this flow 
path can be restored.    
 
4.1.1.1 Flow Path Water Levels 
 
Water levels in Syracuse Lake prior to 1965 generally fluctuated between El. 857.5 in the 
fall and winter and El. 859.0 during the spring and early summer with the average water 
level about El. 858.3.  In 1965, the control of the outlet of the lake was modified so that 
the fluctuation was reduced to between El. 858.0 and El. 859.0 with an average of about 
El. 858.7 as shown in Exhibit 7.  More recently the fluctuation has been even smaller  - 
between 858.5 and 859.0 with an average of about El. 858.7, as seen in Exhibit 7. 
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In order to provide flow to the Johnson Bay Wetland the water level in the channels 
would need to be raised to about El. 861±.  This is about 2.3 feet above the average water 
level of the lake and roughly two feet above the normal seasonal high water level.    
 
4.1.1.2 Lock and Dam 
 
One method to raise the water level in the channels while still maintaining a connection 
to the lake would be to construct a lock and dam at the Enchanted Hills outlet to the lake.  
A box culvert between the northernmost spur of the channels and the Johnson Bay 
wetland would allow flow to pass under Wawasee Drive.  Exhibit 9 shows the general 
location of the two structures required.  The level of the box culvert will be set slightly 
lower than the level of the dam so that base flows would always pass through the wetland 
before entering the lake.  During storm events the flow will be split between flowing 
through the box culvert and over the dam.  For very large events the majority of the flow 
will be over the dam section. 
 
The lock is required so that the level can be maintained at the El 861±.  Individual boaters 
can operate the lock without the need for supervision.  If for some reason the both lock 
valves are opened simultaneously the upper pool could be lost but it would take some 
time, as the valves are quite small.  Periodic inspections can avoid this problem.   
 
Exhibit 10 shows a plan view of the lock and dam.  The dam is a sheet pile wall with rip 
rap placed on the downstream side to protect the structure from erosion during flood 
events.  The lock consists of sheet pile walls, prefabricated mitre gates with integral 
filling/emptying valves.  Guide walls upstream and downstream of the lock can be 
constructed from sheet pile or piles with whalers.  
 
4.1.1.3 Flood Gate 
 
An alternative to the lock and dam is to construct a floodgate at the same site.  With this 
alternative the water level in the channels remains at the same level as the lake.  During 
floods, however, a gate is lowered that forces the water level in the channels to rise which 
in turn forces a portion of the flow to box culvert and then to the wetland.  Low flow 
events would not be diverted to the wetland as they are with the lock and dam alternative.     
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Although the operation of the gate could be automated it would be more cost effective, 
because of the infrequent use, to operate it manually.  When a flood of a magnitude 
sufficient to fill the channels has been forecast the gate can be closed.  After the flood 
event, the gate is raised to empty the channels and boaters can then use the channels 
normally.  During flood events with the gate closed boaters will not be able to leave or 
enter the channels.   
 
The gate occupies the same position as the lock in Exhibit 10 but does not require nearly 
as much sheet piling.  Also, the approach and departure guide walls can be much shorter 
because it will not be necessary for boats to tie up to them.     
 
4.1.2 Lake Response 
 
Velocities in the Enchanted Hills channels during storm flows will be reduced by about 
one-third due to the higher elevation of the water level.  This effect will slightly reduce 
erosion of the channel banks, and may slow water enough to allow sediment to settle out 
in the channels.  The major water quality benefit of this alternative, however, is the 
filtering effect of the wetland.  Johnson Bay Wetland would remove a significant portion 
of the sediments and nutrients entering it through the surrounding watershed.   
 
4.1.3 Permit Requirements 
 
Several different state and federal permits and approvals are required for construction of 
the lock and dam/floodgate in the Enchanted Hills channels and development of a 
channel to Johnson Bay (Appendix B). The Indiana Department of Natural Resources 
requires a joint permit application for construction within a floodway of a stream or river, 
navigable waterway, public fresh water lake, and ditch reconstruction. One of the permits 
listed under the joint permit application is the Lake Preservation Act. Lake Preservation 
Act states that no person may change the level of the water of shoreline of a public 
freshwater lake by excavating, filling in, or otherwise causing a change in the area or 
depth or affecting the natural resources scenic beauty or contour of the lake below the 
waterline or shoreline, without first securing the written approval of the DNR. A written 
permit from the department is also required for construction of permanent structures 
within the waterline or shoreline of a public freshwater lake.  It will also be necessary to 
petition the Kosciusko County Circuit Court for permission to construct the Lock and 
Dam or the Flood Gate, and to raise the legal level of the lake. 
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The Indiana Department of Environmental Management requires a Section 401 Water 
Quality Certification (WQC) to conduct any activity that may result in a discharge into 
waters of the United States. In general, anyone who is required to obtain a permit from 
the U.S. Army Corps of Engineers (USACE) to engage in dredging, excavation, or filling 
activities must obtain a WQC. The followings are examples that would likely require a 
USACE permit and WQC: dredging a lake, river, stream, or wetland; filling a lake, river, 
stream, or wetland; bank stabilization; pond construction in wetlands; and 
roadway/bridge construction projects involving water crossings.  
 
The Detroit USACE requires permits authorizing activities in, or affecting, navigable 
waters of the United States, the discharge of dredged fill material into waters of the 
United States, and the transportation of dredged material for the purpose of dumping into 
ocean waters. Waters of the U.S. also include adjacent wetlands and tributaries to 
navigable waters of the U.S. and other waters where the degradation or destruction of 
which could affect interstate or foreign commerce.  
 
A Dam Safety Permit is required by the IDNR if the area of concern meets at least one of 
the following three requirements: watershed area of 1 square mile or greater, dam height 
of at least 20 feet, and a detention volume of 100 acre-feet or greater. This permit may be 
required as the Enchanted Hills watershed drains an area of approximately 5.5 square 
miles. 
 
4.1.4 Easements and Land Availability 
 
Property owners of areas potentially affected by restoration of the original flow channel 
from Enchanted Hills to the Johnson Bay Wetland were identified. Property owner 
information was obtained from the Property Boundary Plat Maps developed by the 
Department of Geographic Information Systems of Kosciusko County.   
 
A culvert to Johnson Bay would have the potential to impact one section of the East 
Wawasee Drive easement, lots on the channel east of East Wawasee Drive including land 
parcel 007-047-108 owned by Columbia Realty Corporation, P.O. Box 52, North 
Manchester, Indiana 45962, land parcel 007-047-109 owned by Cecelia Snyder, 9758 
East Rock-A-Bye Road, Cromwell, Indiana 46732, and land parcel 007-047-110 owned 
by Billie Vernon Reynolds, 66082 SR 15, Goshen, Indiana 46526, and the wetland to the 
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west of East Wawasee Drive which is parcel 007-044-005 owned by Mr. And Mrs. Pete 
Nicholas, 7654 E. Eli Lilly Road, Syracuse, Indiana 46567.  The flood gate will be in the 
channel of Enchanted Hills, adjoining parcel 007-050-911 owned by Bethelene Cramer, 
52985 Glenmore, Elkhart, Indiana 46514 and parcel 007-050-686 owned by James and 
Janice Sroufe, 11562 North Fascination Way, Cromwell, Indiana 46732. 
 
4.1.5 Unusual Physical and/or Social Costs 
 
Through the course of public meetings, residents of Lake Wawasee expressed concern 
that recommended solutions provide not only water quality benefits, but environmental 
and aesthetic benefits as well.  Restoration of the original channel of Dillon Creek is 
environmentally based, however the potential negative impacts to the Johnson Bay 
Wetland are considerable.  While routing flow through the wetland will result in 
enhanced lake water quality, the project may alter the habitat and quality of the wetland.  
If this option were to be implemented, a sediment trap should be considered for 
construction in the channel prior to outlet into the wetland. This would reduce the 
sedimentation impacts to the Johnson Bay Wetland.  In addition, according to the 
Kosciusko County Highway Department, construction on East Wawasee Drive will 
commence during summer 2001.  Elevations and drainage patterns used in this study may 
be altered as a result of this construction.   
 
In addition, responsibility for the maintenance and operation of the lock and dam or flood 
gate will fall upon the boaters requiring access between Lake Wawasee and the 
Enchanted Hills channels.  Opening and closing the lock will require additional time and 
effort for those boaters entering or exiting the channels.  Maintenance costs are estimated 
at 10% of the capital costs of construction. 
 
4.1.6 Johnson Bay Wetland Characterization 
 
Harza reconnoitered vegetation communities in Johnson Bay. Dominant species are listed 
in Table 6. No endangered, threatened or rare species were found. Obligate wetland 
species, facultative wetland species, facultative upland species and upland species were 
found there, testifying to the variety of habitats and hydrologic regimes present. We 
characterize the Johnson Bay wetland as a freshwater marsh, with emergent aquatic 
plants growing in a permanent to seasonal shallow water. Scrub-shrub wetland 
communities exist both within and bordering the emergent community.  
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Table 6 
 

JOHNSON BAY WETLANDS DOMINANT VEGETATION SPECIES 
Common Name Latin Name Wetland Indicator 

Category 
Broad-Leaved Arrowhead Sagittaria latifolia OBL aquatic - emergent 
Pond Lilly Nuphar lutea OBL aquatic - emergent 
Water Lilly Nymphaea odorata OBL aquatic - emergent 
Water Shield Brasenia schreberi OBL aquatic - emergent 
Narrow-Leaf Cattail Typha angustifolia OBL 
Buckbean Menyanthes trifoliata OBL 
Marsh Fern Thelypteris thelypteroides FACW+ 
Spotted Touch-Me-Not Impatiens capensis FACW 
Nuttall's Waterhemp Amaranthus rudis FACW 
Sensitive Fern Onoclea sensibilis FACW 
Silver Maple Acer saccharinum FACW 
Green Ash Fraxinus pennsylvanica FACW 
Red-Osier Dogwood Cornus stolonifera FACW 
River-Bank Grape Vitis riparia FACW- 
Eastern Cottonwood Populus deltoides FAC+ 
Smooth Rose Rosa blanda FACU 
Black Walnut Juglans nigra FACU 

Key:  OBL  = obligate wetland species; probability of occurrence in wetlands: > 99% 
 FACW = facultative wetland species; probability of occurrence in wetlands: 34 to 66% 

FACW+ = facultative wetland species; probability of occurrence in wetlands: 51 to 66% 
 FACW- = facultative wetland species; probability of occurrence in wetlands: 34 to 50% 
 FACU = facultative upland species; probability of occurrence in wetlands: 1 to 33% 

FACU+ = facultative upland species; probability of occurrence in wetlands: 17 to 33% 
 FACU- = facultative upland species; probability of occurrence in wetlands: 1 to 16% 
 UPL = upland species; probability of occurrence in wetlands: <1% 

 
4.1.7 Estimated Cost of Construction 
 
The probable cost of construction for the lock and dam is about  $202,000 (Table 7). For 
materials costs less than $100,000, engineering fees were calculated at 15% of the 
materials cost.  For materials costs above $100,000 engineering fees were calculated at 
10% of the materials cost.  Services during construction were estimated at 10% of the 
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materials cost.  A 25% contingency was applied to the subtotal of materials, engineering, 
and services during construction.  This estimate is based on 2001 dollars. 
 
 

Table 7 
 

COST ESTIMATE FOR LOCK AND DAM 
Item Cost Unit Qty Total 
Dewatering of Work Area $  3,000 lump sum 1 $3,000
Lock Gates and Valves $30,000 lump sum 1 $30,000
Sheet Pile $      20 Square foot (installed) 2500 $50,000
Fill $      20 Cubic yard (small jobs) 35 $ 700
Rip Rap $      35 ton 12 $ 400
Culvert (4’ x 8’) $    250 ft 100 $25,000
Road Restoration $10,000 lump sum 1 $10,000
Mobilization/Demobilization $5,000 lump sum 1 $5,000
Clearing and Grubbing $  3,000 lump sum 1 $3,000
Restoration $  3,000 lump sum 1 $3,000
Surveying $  2,000 lump sum 1 $2,000
Services During Construction @ 10% $14,000
Engineering @ 10% $14,000
Subtotal $161,000
Contingency @ 25% $41,000
Total $202,000

 
 
The probable cost of construction for the floodgate is about  $152,000 (Table 8). For 
materials costs less than $100,000, engineering fees were calculated at 15% of the 
materials cost.  For materials costs above $100,000 engineering fees were calculated at 
10% of the materials cost.  Services during construction were estimated at 10% of the 
materials cost.  A 25% contingency was applied to the subtotal of materials, engineering, 
and services during construction.  This estimate is based on 2001 dollars. 
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Table 8 
 

COST ESTIMATE FOR FLOODGATE 
Item Cost Unit Qty Total 
Dewatering of Work Area $  3,000 Lump sum 1 $3,000
Flood Gate $15,000 Lump sum 1 $15,000
Sheet Pile $      20 Square foot (installed) 1400 $28,000
Fill $      20 Cubic yard (small jobs) 35 $ 700
Rip Rap $      35 Ton 12 $ 400
Culvert (4’ x 8’) $    250 Ft 100 $25,000
Road Restoration $10,000 Lump sum 1 $10,000
Mobilization/Demobilization $5,000 Lump sum 1 $5,000
Clearing and Grubbing $  3,000 Lump sum 1 $3,000
Restoration $  3,000 Lump sum 1 $3,000
Surveying $  2,000 Lump sum 1 $2,000
Services During Construction @ 10% $10,000
Engineering @ 15% $15,000
Subtotal $121,000
Contingency @ 25% $31,000
Total $152,000

 
4.1.8 Recommendation 
 
We recommend the lock and dam, because it restores all flow to Johnson Bay, flood 
forecasting is not required, and it maintains navigation during high water. 
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4.2 GRADE AND BANK STABILIZATION IN ENCHANTED HILLS  
 
4.2.1 Preliminary Design 
 
The Enchanted Hills subdivision consists of homes abutting channels.  Some of these 
homes are atop steeply graded hills.  The channel slopes throughout the subdivision are 
eroding and are sources of sediment to Lake Wawasee.  Large sediment plumes have 
been observed at the inlet to the lake.  Harza performed a lot-by-lot assessment of the 
subdivision to identify and characterize areas in need of bank and grade stabilization 
(Exhibit 11).  We characterized erosion as “severe” (unprotected with moderate to steep 
slopes, some vegetation, and severe erosion),  “moderate” (unprotected with moderate to 
steep slopes, vegetation, and moderate erosion), “slight” (unprotected with gentle slopes, 
vegetated, and moderate erosion) and “potential” (unprotected with gentle to steep slopes, 
vegetated, and no current erosion). Shoreline categorized as “severe” totaled 5,310 lineal 
feet, areas categorized as “moderate” totaled 2,145 lineal feet, areas categorized as 
“slight” totaled 2,670 lineal feet, and areas of categorized as “potential” totaled 4,270 
lineal feet.  
 
Erosion occurs whenever the forces of wind and water exceed the ability of shoreline 
soils and vegetation to hold the bank in place.  A number of factors affect the rate and 
severity of shoreline erosion, including: soil type and structure, surface and subsurface 
drainage, vegetation growth and management, seasonal water level and temperature 
variations, water depth and wave energy, and activities of certain animal species.   
 
Various types of erosion control are available, including fiber rolls, emergent and 
herbaceous plantings, sheetpiling, concrete seawall, and boulders and stone. Several 
homeowners have already implemented these techniques in the Enchanted Hills 
subdivision. Treatments such as fiber rolls, and emergent and herbaceous plantings will 
require some, if not significant, maintenance and may not be completely effective in 
areas of high wave/wake energy.  Installation of sheetpiling or concrete seawall would 
provide a structural treatment capable of protecting shoreline under all conditions; it 
would require no maintenance but would reduce natural habitat.   
 
Due to their wave reflectance properties, structural approaches may cause more severe 
erosion to occur on adjacent non-protected shoreline. A critical requirement for erosion 
control is protection of the “water-to-shore” interface, between 0 and 12 inches below 
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water level.  Inadequate protection of this “toe” zone can be a significant cause of bank 
erosion. In moderate to high wave exposure conditions, toe protection must be provided 
in conjunction with slope protection in order to control erosion and stabilize the slope.  
Shoreline protection measures considered applicable for use at Enchanted Hills are 
described below (cost estimates include bank regrading and planting).  
 
4.2.1.1 Sheetpiling 
   
Steel or vinyl sheetpiling is an effective toe protection measure, particularly for deep-
water applications (greater than two or three feet). It can be placed with the top of piling 
just below water level, so that it is not visually intrusive (Exhibit 12). Sheet piling 
provides not only adequate coverage, but also durable protection for the areas selected.  
Sheet piling was chosen for the most severely eroding and heavily traveled channel areas 
in Enchanted Hills. These areas include the entrance to the channel system (ES1) as well 
as the major intersection within the system (including erosion survey areas ES6 and 
ES13) (Exhibit 11).   
 
4.2.1.2 Fiber Rolls 
 
A fiber roll consists of coconut fibers enclosed in a woven rope mesh. The fiber roll 
typically comes in six or 12-inch diameters that can, if desired, be interplanted with 
wetland species of plants.  A fiber roll is considered a temporary toe protection measure 
as it tends to biodegrade in five to seven years. The long-term protection is provided by 
the interplanted species (Exhibit 12). The emergent fiber roll remediation strategy was 
chosen for the erosion study area labeled ES5 (Exhibit 11).  In an adjacent lot, there has 
already been a fiber roll installed as a demonstration project.  This method has proven to 
be effective. 
 
Given that vegetation ultimately provides the stabilization, herbicide application 
programs at Enchanted Hills should be continually reevaluated. 
 
4.2.1.3 Herbaceous and Emergent Vegetation 
 
Herbaceous vegetation, consisting of plantings along the shoreline, has been identified as 
a solution for eroded slopes in areas intended to have a ‘manicured’ image.  Traditional 
turf grass has shown to erode the channel banks, therefore specific dwarf species suited to 
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different hydrologic regimes will be selected and planted. When used in conjunction with 
appropriate toe protection (e.g., cobbles, sheetpiling, or emergent plants), deep-rooted 
herbaceous vegetation has been shown to stabilize slopes.  Two variations exist for this 
treatment (Exhibit 12).  For moderately eroded slopes, the toe is stabilized with stone and 
the herbaceous materials vegetate a cut slope, or the face of an eroded slope that has been 
‘smoothed’ out and faced with topsoil.  For severely eroded slopes, sheetpiling below 
water level is used to stabilize the shoreline toe and support the herbaceous vegetation on 
a fill slope.  Both variations require upslope drainage facilities to limit seepage and 
prevent slumping.  For erosion study areas ES8 and ES9 (Exhibit 11), the planting of 
herbaceous vegetation was selected.  
 
Rooted plants in nearshore water areas can reduce wave energy before reaching the shore.  
These plants can be submergent, emergent, or floating species, however native plants 
with strong root systems are likely to provide the best shoreline protection. Emergent 
plants provide natural habitat, and include such species as cattails, rushes, bulrushes, and 
arrowhead.  While the cost of emergent plantings as a remediation technology is 
relatively low, they offer little resistance in areas of high wave or wake energy.  The 
channels in Enchanted Hills are presently treated with herbicides, and therefore any 
emergent planting installed for shoreline protection may be damaged by these plant 
control measures.  For this reason, emergent vegetation is not recommended for the 
channels of Enchanted Hills. 
 
4.2.1.4 Boulder and Stone 
 
Boulders and small stone (two to four inches in diameter) placed along the shoreline 
provide protection from wave action (Exhibit 12).  There is little maintenance associated 
with the technology, and the stone provides habitat for aquatic life along the shoreline.  
One drawback of the boulders and stone can be a rather sterile appearance. To 
compensate for this, the following approaches can be taken:  (1) the boulders and stone 
can be dark-colored, and (2) the boulders and stone will not be placed above the normal 
pool elevation. Both approaches serve to reduce the visual impacts of the stone. 
 
For Enchanted Hills, placement of boulders and stone was selected as a remediation 
strategy for the corners of erosion study areas ES11 and ES14 (Exhibit 11).  These 
corners are subject to much wave energy as they are at a major intersection in waterways.   
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4.2.1.5 Concrete Seawalls 
 
A seawall is a structure that is built to protect the landward side of a slope from damaging 
wave action or currents.  Seawalls may be constructed with concrete, steel sheet piles, or 
wood.  Because of the high cost and visual intrusiveness of concrete seawalls, this was 
not selected for any part of the study area in Enchanted Hills.   
 
4.2.2 Lake Response 
 
Shoreline erosion at Enchanted Hills is a source of sediment loading to the lake. It is 
difficult to accurately determine the amount of shoreline erosion occurring at a lake due 
to variables that influence the erosion processes, such as soil structure, animal activities, 
wave action, fluctuating lake levels, human interference, and other factors. 
 
Without historical field information, it is difficult to determine the amount of shoreline 
erosion occurring at Enchanted Hills. A Clean Lakes Phase I assessment was done on 
Herrick Lake in DuPage County Illinois in 1994. It is a small glacial lake that receives 
recreational boat traffic and has experienced shoreline erosion problems. In the absence 
of site-specific erosion information for Enchanted Hills, Herrick Lake serves as an 
adequate model for estimating the sediment loading at Enchanted Hills. Shoreline erosion 
was estimated at Herrick Lake to produce 40 lbs/lineal foot of TSS per year for areas 
undergoing “severe” erosion (Hill et al., 1994). The erosion factor from Herrick Lake was 
assumed to be similar to the “severe” erosion rates occurring at Enchanted Hills. A factor 
of 30 lbs/lineal foot per year was applied to shoreline eroding at a “moderate” rate, and a 
factor of 20 lbs/lineal foot per year was applied to the shoreline eroding at a “slight” rate 
(Hill et al., 1994).  Table 9 outlines the estimated amount of sediment entering Lake 
Wawasee from the erosion of the Enchanted Hills channels. 
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Table 9 
 

SEDIMENT LOADING FROM EROSION OF ENCHANTED HILLS 
CHANNELS 

Erosion Type Erosion Length 
(lineal feet) 

Erosion Factor 
(lbs/lineal feet/year)

Sediment Loading
(lbs/year) 

Severe 5,310 40 212,400 
Moderate 2,145 30 64,350 
Slight 2,670 20 53,400 
Total 10,125 - 330,150 

 
Therefore, by providing bank and grade stabilization measures for the areas of “severe” 
erosion occurring in the Enchanted Hills channels, the sediment load to Lake Wawasee 
from the channels will be reduced by 212,400 lbs of sediment per year, or 64% of the 
total loading from this source. 
 
4.2.3 Permit Requirements 
 
Several different state and federal permits and approvals are required by the grade and 
bank stabilization project in Enchanted Hills (Appendix B). The Indiana Department of 
Natural Resources requires a joint permit application for construction within a floodway 
of a stream or river, navigable waterway, public fresh water lake, and ditch 
reconstruction. One of the permits listed under the joint permit application is the Lake 
Preservation Act. Lake Preservation Act states that no person may change the level of the 
water of shoreline of a public freshwater lake by excavating, filling in, or otherwise 
causing a change in the area or depth or affecting the natural resources scenic beauty or 
contour of the lake below the waterline or shoreline, without first securing the written 
approval of the DNR. A written permit from the department is also required for 
construction of marinas, new seawall, and seawall refacing.  There is a potential problem 
regarding the types of materials that may be used to stabilize the shoreline.  Based on the 
aerial photograph in Exhibit 11, it appears that most of the channel banks are unprotected.  
If the distance between the existing bulkhead (concrete, sheet pile, timber) is greater than 
250 feet, these unprotected areas will be classified as either an “area of special concern” 
or a “significant wetland.”  Therefore, concrete or steel sheet pile may only be used in 
areas landward of the legal shoreline. Department staff is working on a proposed 
modification to this rule, but for the time being it must be applied as it currently exists. 
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The Indiana Department of Environmental Management requires a Section 401 Water 
Quality Certification (WQC) to conduct any activity that may result in a discharge into 
waters of the United States. In general, anyone who is required to obtain a permit from 
the U.S. Army Corps of Engineers (USACE) to engage in dredging, excavation, or filling 
activities must obtain a WQC. The followings are examples that would likely require a 
USACE permit and WQC: dredging a lake, river, stream, or wetland; filling a lake, river, 
stream, or wetland; bank stabilization; pond construction in wetlands; and 
roadway/bridge construction projects involving water crossings.  
 
The Detroit USACE requires permits authorizing activities in, or affecting, navigable 
waters of the United States, the discharge of dredged fill material into waters of the 
United States, and the transportation of dredged material for the purpose of dumping into 
ocean waters. Waters of the U.S. also include adjacent wetlands and tributaries to 
navigable waters of the U.S. and other waters where the degradation or destruction of 
which could affect interstate or foreign commerce.  
 
4.2.4 Easements and Land Availability 
 
Property owners of areas in need for bank and grade stabilization in the Enchanted Hills 
subwatershed were identified. Property owner information was obtained from the 
Property Boundary Plat Maps developed by the Department of Geographic Information 
Systems of Kosciusko County.  Stream bank stabilization in the subwatershed would 
potentially impact 224 land parcels, which are listed in Appendix C, Enchanted Hills 
Property Owners. 
 
4.2.5 Unusual Physical and/or Social Costs 
 
We recommend that each property owner who agrees to the improvements, sign an 
easement allowing the grade and bank stabilization work to be done on his or her 
property.  After the work is completed, the property owner should maintain the 
stabilization measures (i.e. watering and inspection).  Cost-sharing of the project between 
LARE, the homeowners association of Enchanted Hills, WACF, and the property owners 
themselves, will need to be discussed.   There has been local discussion of cleaning or 
dredging the Enchanted Hills channels. If the cleaning or dredging were to steepen the 
slopes of the banks, it will affect their stability. 
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4.2.6 Estimated Cost of Construction 
 
The probable cost of construction for the grade and bank stabilization measures is 
$2,673,000 (Table 10) for the areas of severe erosion.  To develop this cost, we used 
estimates from Lagoon Shoreline Restoration of the Chicago Botanic Garden (Harza, 
1998), updated by Brown and Associates, Inc. November 2000.  Costs estimates could 
vary widely with local contractors.  For materials costs less than $100,000, engineering 
fees were calculated at 15% of the materials cost.  For materials costs above $100,000 
engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. 
 

Table 10 
 

COST ESTIMATE FOR GRADE AND BANK STABILIZATION MEASURES FOR 
THE ENCHANTED HILLS CHANNELS 

Area Treatment 
Length 

(lineal feet) 
Cost 

($/lineal feet) 
Total 

ES5 Fiber Roll 382 $227 $     86,700 
ES8 and ES9 Herbaceous Vegetation 2,911 $192 $   558,900
ES1, ES6, and ES13 Sheetpiling 1,816 $670 $1,216,700
ES11 and ES14 Boulders and Stone 199 $401 $     79,800
Services During Construction and Engineering @ 10% $   195,000
Subtotal $2,138,000
Contingency @ 25% $   535,000
Total $2,673,000

Notes:  Refer to Exhibit 11 for shoreline area locations. 
 

4.2.7 Recommendation 
 
The areas considered for grade and bank stabilization measures were identified as 
“severe” in Exhibit 11. We recommend fiber roll treatment for area ES5, herbaceous 
vegetation for ES8 and ES9, sheetpiling for areas ES1, ES6, and ES13, and boulders and 
stone for areas ES11 and ES14.   
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4.3 SEDIMENT TRAP/CONSTRUCTED WETLAND ON DILLON CREEK 
 
4.3.1 Preliminary Design 
 
The Enchanted Hills Watershed Evaluation (SWCD, 1994) suggested several methods to 
reduce sediment loadings on Dillon Creek, including grade control structures upstream 
and an enhanced wetland or sediment trap. Our site selection memorandum identified the 
area of DC2, where Dillon Creek crosses 1100 North Road (see Exhibit 13), as the 
location on which to investigate an enhanced wetland (Appendix A).  As the biological 
integrity of DC1, DC2, and DC3 are similar, we recommended investigating the 
feasibility of a constructed wetland at DC2, due to the superior physical aspects of the 
site.  The DC2 site is wide and flat, compared to sites DC1 and DC3, and is likely a 
source area for sediment. Placing a constructed wetland at DC2 would allow settling of 
sediment and stabilization of the area during storm flow, and straightforward access for 
maintenance. The DC2 site currently is a forested wetland and natural depositional area. 
Creating a structure to enhance the stormwater detention at DC2 will increase 
sedimentation at the site and protect downstream habitats.   
 
We have identified two approaches to this problem area: 
 

1. An enhanced wetland sheetpile structure that will have little or no maintenance 
requirements, but high costs, and; 

2. An innovative, low cost alternative, a cable dam, that will require significant 
maintenance. 

 
4.3.1.1 Enhanced Wetland 
 
Wetlands, whether natural or created, are depressed areas that detain and store 
stormwater runoff and allow sedimentation and nutrient removal to take place. Objectives 
for the preliminary design of the enhanced wetland at this site include: 
 

• Removal of a significant portion of the sediment generated from upstream lands 
during a 2-year 2-hour storm, and storms of lesser intensity; 

• Compliance with Indiana dam safety regulations; and 
•  Adequate storm routing.  
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The enhanced wetland preliminary design was based on stilling basin guidelines (NIPC, 
2000). Under these guidelines, a stilling basin is designed for velocity dissipation and for 
a 50 percent sediment removal rate. The recommended stilling basin volume is 500 cubic 
feet per impervious watershed acre, with an additional sediment storage capacity of 100 
cubic feet per impervious watershed acre. The stilling basin should be at least three feet 
deep to prevent resuspension of settled particles by wind and turbulence, and the length 
of the sediment basin should be three times greater than the basin’s width for greater 
settling capacity.   
 
Our feasibility analysis is based upon a dam three feet high and 45 feet long, located 
approximately five feet upstream (south) of the culvert at 1100 North Road (Exhibit 14).  
The structure will contain a notch above the centerline of the channel to slowly release 
the water into the culvert. While there are many possibilities for the dam construction 
materials (concrete, sheetpile, earth, stone gabions, lumber), we recommend constructing 
the wall out of steel sheetpile, due to its simplicity of construction and relatively low cost. 
 
4.3.1.2 Cable Dam 
 
An alternative to the sheetpile structure is a novel wetland development technique 
currently being pioneered by Harza and some not-for-profit partners in Illinois. This 
method involves the construction of a cable dam (Exhibits 15-16), and mimics the 
floodway processes facilitated by beaver dams. While this is a relatively new technology 
and without a proven track record, its low cost makes it attractive.  Cable dams require 
some time to fill up with debris before they are effective, and may create downstream 
scour.  Therefore, should this option be implemented, we recommend armoring the 
downstream channel to reduce toe erosion.   
 
4.3.2 Hydraulic and Hydrologic Analysis 
 
A preliminary hydraulic and hydrologic analysis was performed to determine the 
potential for sediment control within the Dillon Creek watershed and compliance with the 
Indiana dam safety regulations and flood control.  The headwaters of Dillon Creek are 
located in Noble County to the east, and the stream flows from the southeast to the 
northwest.  The 1,027-acre drainage area upstream of site DC2 is largely agricultural 
(Exhibit 2).  Land uses calculated from the Indiana GAP database are shown in Table 11.  
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Table 11 

 
LAND USE IN DC2 WATERSHED 

(Source: Indiana GAP Database) 
Land Use Acres 
Urban 30 
Agriculture 866 
Wetlands 12 
Forest/Woodland 119 

 
Rainfall events are characterized by their recurrence interval, their intensity, and duration.  
Recurrence intervals area a statistic reflecting the average period of time expected 
between occurrences of that particular storm event when considering a long period of 
record. For example, a rainfall event with a 10-year recurrence interval has a 10% 
probability of being equaled or exceeded in any given year.  
 
Peak storm flows were calculated from the above land uses and rainfall frequencies 
published by Huff and Angel (1992), using the Soil Conservation Service’s TR-20 model 
(SCS, 1992) for watershed runoff.  A sensitivity analysis on the TR-20 was performed 
(Exhibit 17), and the critical storm was found to be 3 hours in duration. Table 12 provides 
peak flow values for 3-hour storms at various recurrence intervals. The resulting 
hydrographs are included in Exhibit 18.  
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Table 12 
 

PEAK STORM FLOWS AT DC2 
Recurrence Interval 

(3-hour) 
Peak Flow 

(cfs) 
1-Year 93 
2-Year 134 
5-Year 208 

10-Year 279 
25-Year 400 
50-Year 511 

100-Year 748 
 
Design criteria suggest a 2-year storm event for the preliminary design (NIPC, 2000). 
Indiana dam safety regulations for a structure draining more than a square mile (640 
acres) require the spillway to be able to pass a 50-year storm. Structures will be required 
to be transparent to the regulatory flood, which in Indiana is the 100-year storm. 
 
The HEC-RAS (Hydrologic Engineering Center’s River Analysis System developed by 
the U.S. Army Corps of Engineers) program was used to perform a one-dimensional 
steady flow analysis of the stream conditions with the sediment trap at DC2.  (Please see 
Appendix D for an overview of the model’s capabilities.) Channel geometry at DC2 was 
approximated based on visual assessment during our site visit and USGS map 10-foot 
contours. The geometry of the existing culvert under 1100 North Road was obtained from 
the Kosciusko County Highway Department. The culvert is a 46-foot long steel squash 
pipe with a width of 6 feet, and a height of 3.75 feet. The culvert is situated 3.5 feet 
below the road surface, and has a slope of 0.5% over its length. Peak storm flows were 
obtained from Table 12, and the model was run for each storm event. 
 
The HEC-RAS analysis indicates that the structure has little effect on the flood elevations 
at 1100 North Road under any of the flows in Table 12 (Exhibits 19-20). With the 
sheetpile dam, water surface elevations at 1100 North Road are increased by 0.01 feet (1-
year 3-hour event) to 0.09 feet (100-year 3-hour event) over the existing conditions. 
Under all events analyzed, the sheetpile wall will overtop and allow the passage of the 
flow (Exhibit 21). The results show that the presence of the dam does not cause any 
significant changes to the current flood routing system.   
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While this level of analysis is acceptable for a feasibility analysis, a more detailed site 
conditions will need to be ascertained during final design and permitting.  Site 
topographic and geotechnical surveys should be performed to more accurately 
characterize the shape of the channel and foundation conditions. 
 
4.3.3 Lake Response 
 
The sediment trapping efficiency of the enhanced wetland was calculated using the 
design geometry, channel velocity from the HEC-RAS output, and assumed sediment 
size distribution, sediment load, and settling velocities.  
 
The sediment load was calculated using the EPA’s Screening Procedure for Watershed 
Sediment Yield for the 2-year 24-hour design storm. This technique is based on rainfall, 
land uses, and soil types in the subwatershed (EPA 1985). The watershed sediment yield 
due to surface erosion is estimated as: 
 

k
k

kd AXsY ∑=             Equation (1) 

where 
 Y =  annual sediment yield (tons/year) 
 Xk =  erosion from source area k (tons/ha) 
 Ak =  area of source are k (ha) 
 sd =  watershed sediment delivery ratio 
 
The factor sd accounts for the attenuation of sediment through deposition and filtering as 
it travels from source areas to the watershed outlet, in this case, the culvert under 1100 
North Road. 
 
Erosion from the DC2 watershed was estimated using the Universal Soil Loss Equation 
(USLE), which is an empirical equation designed to predict average annual soil loss from 
source areas (Equation 2). 
 

))()()()((29.1 PClsKEX =           Equation (2) 
 
 
 



Lake Wawasee Engineering Feasibility Study Feasibility Analysis 
 
 

 
May 3, 2001 

O:\Project Number\18045\Engineering Feasibility Study\Report.doc 40 HARZA 

where 
 X =  soil loss (tons/ha) 
 E =  rainfall/runoff erosivity index (102 m-ton-cm/ha-hr) 
 K =  soil erodibility (tons/ha per unit of E) 
 ls =  topographic factor 
 C =  cover/management factor 
 P =  supporting practice factor 
 
The erosivity term, E, is dependent upon rainfall data. Expected magnitudes of single-
storm erosivity indices are presented in Wischmeier and Smith (1978). Erosivity values 
for the Dillon Creek watershed were interpolated between stations in South Bend and 
Fort Wayne, Indiana. For the 2-year storm, the erosivity is 64 (102 m-ton-cm/ha-hr) 
watershed.  Soil erodibility, or “K” values, are a function of soil texture and organic 
content. Soil type was identified for the watershed using the STATSGO database. 
Corresponding K values are tabulated below. 
 

Table 13 
 

SOIL ERODIBILITY “K” VALUES AT DC2 
(Source: STATSGO Database) 

Soil Type Soil ID K Value 
Kalamazoo MI0007 0.22 
Homer IN0041 0.31 
Wawasee IN0149 0.28 

   
The topographic factor, ls, is related to slope angle and slope length by the following 
relationship: 
 

)065.0sin56.4sin41.65()045.0( 2 ++= θθbxls           Equation (3) 
where 
 x = slope length 
 b = exponent related to the slope (s) 
and 
 b = 0.5 for s > 5% 
 b = 0.4 for 3.5% ≤ s ≤ 4.5% 
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 b = 0.3 for 1 ≤ s ≤ 3 
 b = 0.2 for s ≤ 1 
 
The slope angle θ is obtained from the percent slope, s by: 
 

)100/(tan 1 s−=θ             Equation (4) 
 
Slopes of each soil type were taken from the STATSGO database (Table 14). 
 

Table 14 
 

TOPOGRAPHIC FACTORS FOR SOILS AT DC2 
(Source: STATSGO Database) 

Soil Type x b θ ls 
KALAMAZOO 0-2 0.2 0.01 0.06 
HOMER 0-2 0.2 0.01 0.06 
WAWASEE 2-6 0.4 0.04 0.18 

 
The cover/management C factor is a measure of the protection of the soil surface by plant 
canopy, crops, and mulches. The maximum C value is 1.0, which corresponds to no 
protection, while a value of 0.0 corresponds to total protection. Published C values were 
selected from Wischmeier and Smith (1978) based on the land use type (Table 15) for the 
fall season. No published values for urban lands are available. It was assumed that 
erosion is negligible from these sources as the area is most predominantly hardened and 
stabilized; therefore, the C value was set to 0. 
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Table 15 
 

C VALUES FOR LAND USES IN WATERSHED 
(Source: Wischmeier and Smith, 1978) 

Land Use C Value 
Urban 0 
Agriculture Row Crop 0.4 
Agriculture Pasture/Grassland 0.26 
Shrubland 0.055 
Woodland 0.055 
Forest Deciduous 0.004 
Forest Evergreen 0.004 
Forest Mixed 0.004 
Wetland Forest 0.004 
Wetland Woodland 0.055 
Wetland Shrubland 0.055 
Wetland Herbaceous 0.055 
Wetland Sparsely Vegetated 0.055 

 
The supporting practice factor P is a measure of the effect of traditional soil conservation 
practices on erosion from agricultural fields. Watershed-wide information on 
conservation practices would be difficult to obtain; therefore, P was assumed to be 1.0. 
This corresponds to no conservation practices, and serves as a “worst case” for the model. 
The 2-year storm event sediment yield for the DC2 watershed, calculated using Equation 
1, is 69 tons of sediment.  
 
Weighted distributions of sediment grain size (corresponding to the amount of surface 
area covered by the Wawasee and Kalamazoo soil types) were obtained (NRCS, 1998) 
used in the efficiency calculations (Exhibit 22). The sediment trap efficiency was 
estimated based on the velocity of the water upstream of the dam, and the settling 
capability of the sediment grain size at that velocity.  We estimated sediment trap 
efficiency for the 2-year design storm to be 54% removal.  The sediment trap efficiency 
is rather sensitive to grain size.  The project at DC2 should approximately halve the mean 
annual sediment delivery to the Enchanted Hills channels. 
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4.3.4 Permit Requirements 
 
Several different state and federal permits and approvals are required by the enhanced 
wetland project on Dillon Creek (Appendix B). The Indiana Department of 
Environmental Management requires a Section 401 Water Quality Certification (WQC) 
to conduct any activity that may result in a discharge into waters of the United States. In 
general, anyone who is required to obtain a permit from the U.S. Army Corps of 
Engineers (USACE) to engage in dredging, excavation, or filling activities must obtain a 
WQC. The followings are examples that would likely require a USACE permit and 
WQC: dredging a lake, river, stream, or wetland; filling a lake, river, stream, or wetland; 
bank stabilization; pond construction in wetlands; and roadway/bridge construction 
projects involving water crossings.  
 
The Detroit USACE requires permits authorizing activities in, or affecting, navigable 
waters of the United States, the discharge of dredged fill material into waters of the 
United States, and the transportation of dredged material for the purpose of dumping into 
ocean waters. Waters of the U.S. also include adjacent wetlands and tributaries to 
navigable waters of the U.S. and other waters where the degradation or destruction of 
which could affect interstate or foreign commerce.  
 
A Dam Safety Permit is required by the IDNR if the area of concern meets at least one of 
the following three requirements: watershed area of one square mile or greater, dam 
height of at least 20 feet, and a detention volume of 100 acre-feet or greater. A permit is 
required for areas draining greater than one square mile, under the Flood Control Act. 
Both these permits will be required as Dillon Creek has a drainage area of approximately 
1.6 square miles. 
 
4.3.5 Easements and Land Availability 
 
Property owners of areas potentially affected by the sediment trap or constructed wetland 
on Dillon Creek were identified. Property owner information was obtained from the 
Property Boundary Plat Maps developed by the Department of Geographic Information 
Systems of Kosciusko County.   
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The sediment trap or constructed wetland on Dillon Creek would have the potential to 
impact one section of the 1100N Road easement and a land parcel, 007-093-002 owned 
by Nathaniel and Marilon Fick, 3520 S. Stafford St., Arlington, VA 22206. 
 
4.3.6 Unusual Physical and/or Social Costs 
 
During construction of the enhanced wetland or cable dam at DC2, it is possible that the 
existing forested wetland may be disturbed.  The contract document can include 
requirements for preserving existing vegetation and replanting as necessary after the 
sheetpile or cable dam has been installed. 
 
4.3.7 Bioassessments 
 
Harza used standard environmental assessment tools to characterize the original three 
potential enhanced wetland sites on Dillon Creek. Physical habitat was evaluated utilizing 
the Ohio EPA’s Qualitative Habitat Evaluation Index (OEPA 1989). The benthic 
community was characterized using the EPA’s Rapid Bioassessment Protocol II (EPA 
1999).  
 
In the application of the QHEI, a 300-foot section of each site was inspected by a two-
person field team. During the evaluation, habitat scores are recorded for seven physical 
habitat metrics and the results are summed. These qualitative parameters include: 
substrate, instream cover, channel morphology, riparian zone and bank erosion, pool and 
glide quality, riffle and run quality, and gradient. QHEI reflects the quality of stream 
physical habitat. In this procedure, the highest scores are assigned to the habitat 
parameters that have been shown to be correlated with streams having high biological 
diversity and biological integrity. Progressively lower scores are assigned to less 
desirable habitat features. 
 
Tables 16 through 19 show the results of our habitat surveys. Discharge was measured 
using a marsh-McBirney flow meter.  Water quality was measured using a Yellow 
Springs Data Sonde. Interestingly, the low dissolved oxygen concentrations at DC 2, 
which are below the state standard of 5 mg/L, are likely due to the low flows and natural 
organic loading conditions.  
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Table 16 
 

DILLON CREEK STREAM DISCHARGES  
SEPTEMBER 12, 2000 

Site Water body Date Discharge (ft3/sec) 
DC1 Dillon Creek 9/10/00 0.47 
DC2 Dillon Creek 9/10/00 0.24 
DC3 Dillon Creek 9/10/00 0.29 

 
 

Table 17 
 

DILLON CREEK IN-SITU WATER QUALITY RESULTS  
SEPTEMBER 12, 2000 

Site Water Temp (C) Conductivity (umhos) pH DO (mg/L)
DC1 Dillon Creek 19.0 452 7.40 8.00 
DC2 Dillon Creek 16.5 680 6.78 3.55 
DC3 Dillon Creek 16.5 625 7.68 7.75 

 
The QHEI results indicate that physical habitat quality at the three potential sites is 
similar. Riparian and channel habitat quality at DC2 was rated highest among the three 
sites, so we recommend minimal disruption of the area for construction. The substrate 
score at DC2 is the lowest as it is a natural depositional area.  
 

Table 18 
 

DILLON CREEK QUALITATIVE HABITAT EVALUATION INDEX 
Site Water body Substrate Cover Channel Riparian Pool Riffle Gradient QHEI

DC1 Dillon Creek 9 7 7 14 4 0 10 51 
DC2 Dillon Creek 4 12 13 17 1 0 10 57 
DC3 Dillon Creek 14 14 10 8 5 0 10 61 

 
 
The US EPA’s Rapid Bioassessment Protocol II (RBP II) utilizes the systematic field 
collection and analysis of major benthic taxa. This protocol is appropriate for prioritizing 
sites for watershed management projects. RBP II involves benthic analysis at the family 
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taxonomic level. The technique utilizes field sorting and identification. The biological 
survey component of RBP II focuses on standardized sampling of benthic 
macroinvertebrates, supplemented by a cursory field observation of other aquatic biota 
such as periphyton, macrophytes, slimes and fish. The collection procedure provides 
representative samples of the macroinvertebrate fauna from riffle and run habitat types, 
and is supplemented with separate Course Particulate Organic Matter (CPOM) samples 
for the analysis of shredders and nonshredders. RBP II focuses on the riffle/run habitat 
because it is the most productive habitat available in stream systems and includes many 
pollution-sensitive taxa of the scraper and filtering collector functional feeding groups. 
 
Collection of macroinvertebrates included quantitative and qualitative sampling methods. 
Quantitative sampling included triplicate sampling with a Surber sampler in riffles and 
runs. Qualitative sampling included rock picking for clinging individuals and netting 
individuals swimming within the water column. CPOM was collected from available 
detritus, leaves and sticks and individuals were counted until at least 50 individuals were 
obtained to evaluate the ratio of shredders to the total number of individuals collected.  
 
Metrics used in the RBP indices evaluate aspects of elements and processes within the 
macroinvertebrate community. The indices do not incorporate metrics on individual 
condition, as is done with the fish-based Index of Biotic Integrity. The metrics in RBP II 
are taxa richness, Family Biotic Index, ratio of scrapers to filterers, ratio of EPT 
(Ephemeroptera, Plecoptera and Tricoptera) to Chironomidae, % contribution of 
dominant family, EPT index, ratio of shredders to nonshredders, and total individuals 
collected. 
 

Table 19 
 

DILLON CREEK MACROINVERTEBRATE RBP SCORES 
Site Taxa 

Richness 
Family 
Biotic 
Index 

Ratio of 
Scraper/ 
Filterer 

Ratio of EPT/
Chironomidae

% 
Contribution 

Dominant 
Family 

EPT 
Index

Ratio of 
Shredder/ 

Nonshredder

Total 
Number 
Collected

DC1 20 5.0 0.16 2.2 0.40 3 0.040 122 
DC2 12 5.5 (45/0) (3/0) 0.37 1 (0/50) 103 
DC3 12 5.6 3.9 0.77 0.30 2 (0/50) 105 
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Taxa Richness is the total number of families present and represents biodiversity. 
Increasing diversity generally indicates with increasing health of the community and 
suggests that niche space, habitat, and food sources are adequate to support many species. 
This value generally increases with increasing water quality, habitat diversity and habitat 
suitability, and DC1 clearly has greater richness than the other two sites.  
 
Modified Family Biotic Index (FBI) was developed to detect organic pollution and is a 
product of pollution tolerance values for family levels and the quantity of individuals 
within each family. Pollution tolerance values range from 0 to 10 for families and 
increase as water quality decreases. Again, the data suggest that the community present at 
DC1 is the least tolerant of pollution.  
 
Feeding guilds of macroinvertebrates are enumerated in the RBP and used in two metrics. 
The ratio of the scrapers to filtering collectors reflects the riffle/run community food 
base. The relative abundance of scrapers and filtering collectors in the riffle/run habitat is 
indicative of periphyton community composition, availability of fine particulate organic 
material and the availability of attachment sites for filtering. Scrapers increase with an 
increase in diatom abundance and decrease in filamentous algae and aquatic mosses. 
Filamentous algae and aquatic mosses provide good attachment sites for filtering 
collectors and the organic enrichment often responsible for filamentous algae growth can 
also provide fine particulate organic material that is utilized by filtering collectors. 
Filtering collectors are also sensitive to toxicants bound to fine particles and should be 
the first group to decrease when exposed to steady sources of such bound toxicants. 
Dramatically differing scores in this metric were found between DC1 and DC2. No filters 
were found at DC2, but 45 scrapers were present.  
 
The ratio of EPT (Ephemeroptera-mayflies, Plecoptera-stoneflies and Trichoptera-
caddisflies) to Chironomidae (midges) are an indicator of good biotic condition if the 
sensitive groups (EPT’s) demonstrate a substantial representation. If the Chironomidae 
have a disproportionately large number of individuals in comparison to the sensitive 
groups then environmental stress is indicated. Site DC3 had the poorest score in this 
category.  
 
Percent Contribution of Dominant Family uses the abundance of the numerically 
dominant taxon relative to the total number of organisms as an indication of community 
balance at the family level. Scores in this category were similar for the three sites. 
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EPT Index value summarizes the taxa richness within the groups that are considered 
pollution sensitive and will generally increase with increasing water quality. This metric 
is the total number of distinct taxa within the groups Ephemeroptera (mayflies), 
Plecoptera (stoneflies) and Trichoptera (caddisflies). Scores were fairly similar, with DC1 
having 3 EPT, the highest score among the sites. 
 
The ratio of the shredder functional feeding group relative to the abundance of all other 
functional feeding groups also allows for the evaluation of potential impairment. 
Shredders are sensitive to riparian zone impacts and are particularly good indicators of 
toxic effects when the toxicants involved are readily adsorbed to the CPOM and either 
affect microbial communities colonizing the CPOM or the shredders directly. Scores 
were similar among sites.  
 
From the available data, it appears that site DC1 has the highest quality benthic 
community. DC1 has the richest fauna and the most pollution-sensitive species. 
 
4.3.8 Probable Cost of Construction 
 
The probable cost of construction for the sheetpile structure is $93,000 (Table 20).  To 
develop this cost, we used estimates from Supporting Design Report for Wetland 
Development to Improve the Water Quality of Hamilton Lake (Harza, 1999), and 
adjusted by an inflation and safety factor of 10%.  For materials costs less than $100,000, 
engineering fees were calculated at 15% of the materials cost.  For materials costs above 
$100,000 engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. The stilling basin will be designed to hold 2-3 years 
worth of sediment, after which time maintenance costs will be incurred for sediment 
removal.  The sediment trap will be designed to be drained completely for ease of 
cleanout. Annual inspection of the structure is also recommended. We estimate that 
maintenance costs will equal approximately 5% of the capital costs of construction. 
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Table 20 
 

COST ESTIMATE FOR ENHANCED WETLAND AT DC2 
Item Cost Unit Amount Total 
Dewatering of Work Area $ 5,500  lump sum - $  5,500  
Sediment Sampling and Testing $ 1,650  sample 3 $  5,000  
Sheet Pile $      34  Square foot (installed) 601 $20,500  
Excavation $      23  Square yard (small jobs) 42 $     960  
Rip Rap $      33  ton 83 $  2,740  
GeoTextile Fabric $        7  square yard 62 $     400  
Mobilization/Demobilization $11,000  lump sum - $11,000  
Clearing and Grubbing $  3,300  lump sum - $  3,300  
Restoration $  3,300  lump sum - $  3,300  
Surveying $  5,500  lump sum - $  5,500  
Services During Construction @ 10% $  6,000 
Engineering @ 15% $  9,000 
Subtotal $74,000 
Contingency @ 25% $19,000 
Total $93,000 

 
The cable dam is estimated to cost $4,000 (Table 21). To develop this cost, we used 
estimates from Materials costs based on estimate for Mundinger Creek, Illinois by 
Wetlands Initiative, and installation cost by hourly rate of R&C Fence of Fort Wayne, 
Indiana, and adjusted by an inflation and safety factor of 10%.  A 30% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. When the structure fills with sediment, it may be 
practical to build another cable dam further upstream or to clean out the original cable 
dam.  Weekly inspection of the structure is also recommended. 
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Table 21 
 

COST ESTIMATE FOR CABLE DAM 
Item Cost Unit Amount Total 
Cable clamps (1/2 inch) $ 2.25 Clamp 4 $      9
Cable clamps (3/4 inch) $ 2.00 Clamp 2 $      4
Cable (1/2 inch or 3/8 inch) $ 0.77 Feet 34 $    27
Chainlink fence (4 x 50 feet) $35.00 Roll 3 $  105
Reinforcing Bar Tie Wire $ 4.00 Box 1 $      4
J-Hooks (1/4 x 12 inches) $ 1.25 Hook 24 $    30
Soil Anchors (48 inch) $13.00 Anchor 7 $    91
Stanchions (2 inch x 4 feet gas pipe) $20.00 Pipe 3 $    60
Rip Rap $33.00 Ton 30 $  990
Installation $60.00 Hours 24 $  1440
Subtotal $3,000
Contingency @ 30% $1,000
Total $4,000

 
4.3.9 Recommendation 
 
We recommend implementing the enhanced wetland (sheetpile dam) at site DC2, due to 
its estimated efficiency of 54%, lower maintenance requirements than the cable dam, and 
its proven effectiveness as a treatment technology. 
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4.4 EROSION CONTROL ON DEVELOPMENT SITES AND SEDIMENT 
TRAP AND/OR STORMWATER RETENTION IN THE LEELAND 
ADDITION (MARTIN DITCH) 

 
4.4.1 Preliminary Design 
 
Martin Ditch, which collects stormwater runoff from surrounding agricultural areas, feeds 
into the channels, which then empty into Lake Wawasee. The fields near Martin Ditch are 
classed as highly erodible lands and were included in the United States Department of 
Agriculture’s Conservation Reserve Program (CRP) at one time.  The contract has since 
expired, and the fields have been tilled. Reestablishing these fields in the CRP program 
would reduce the amount of sediment entering channels at the Leeland Addition. 
 
Our site selection memorandum (Harza, November 2000) identified the area just north of 
where Martin Ditch crosses South Drive in the Leeland Addition channel (see Exhibit 
23), as one location for a sediment trap (Appendix E).  Creating a structure to enhance the 
stormwater detention at this location will increase sedimentation at the site, and thereby 
protecting Lake Wawasee. A cable dam on Martin Ditch south of South Drive, and a 
series of check dams to control streambed erosion from Martin Ditch south of the road 
will be evaluated as well.   
 
4.4.1.1 Erosion Control 
 
Best management practices, or BMPs, are restrictions, structures or practices that mitigate 
the adverse anthropogenic effects on runoff quality and/or quantity.  The Martin Ditch 
watershed is largely agricultural. There is a broad range of BMPs for agricultural lands. 
Appendix A discusses many of these.  For the lands in the study area where corn and 
soybean production is the dominant use, some of the most effective BMPs include 
conservation tillage, conservation buffers and nutrient management.    
 
4.4.1.1.1 Conservation Tillage 
 
Conservation tillage, or crop residue management, involves leaving at least 30% of the 
ground covered with plant residue after planting.  Varieties of conservation tillage 
include no-till/strip-till, ridge-till and mulch-till.  Conservation tillage is widely practiced 
throughout Indiana and the Midwest. Conservation tillage improves water quality by 
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reducing soil erosion and transport. It also improves soil quality by increasing organic 
content, moisture and nutrient retention capacity, and tilth 
 
Table 22 contains data on tillage practices for various crops for three years.  These data 
were exported from the TRANSECT Program administered by Purdue University, which 
was provided to Harza upon request.  These data are specific to Kosciusko County rather 
than the Wawasee Area Watershed, but likely are a reasonable representation of regional 
trends in adopting conservation tillage.  Total acreage in conservation tillage has 
increased dramatically in the last decade, from 20,000 acres in 1990 to over 97,000 acres 
in 1999, just under half of the tilled land.  
 
The previous year’s crop essentially controls the amount of tillage that can be performed 
while retaining 30% residue cover in the field.  This may require crop rotation, as corn 
produces significant residue that can be left on the field, but soybeans do not.   
 
All Indiana counties have extension agents available to provide technical assistance for 
implementing conservation tillage programs.  In a 1997 nationwide survey of growers, 
the Natural Resource Conservation Service (NRCS) found that operation costs were 
rarely an impediment to implementing conservation tillage practices (cited in NRCS 
1999).  More common reasons stated in that survey were the expense of equipment 
changes and weed problems.  As illustrated in Table 23, operating costs may be less 
under no-till systems than conventional tillage system.  Costs for procuring the 
equipment however can be challenging for some operators.   
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Table 22 
 

PRESENT CROP ACREAGE IN KOSCUISKO COUNTY BY TILLAGE SYSTEM 
(Source:  TRANSECT, Purdue University) 

Tillage Corn Soybeans Small grains Forage Idle Other Total 
1990 

Conventional 74,057 54,503 416 - - - 128,976
Mulch-till 3,328 2,912 3,328 - 416 - 9,984 
No-till 6,657 7,489 416 - 1,248 - 9,810 
Other - - - - - 416 416 
N/A - - - 17,474 416 416 18,306 
Unknown - 416 18,306 - 10,817 - 29,539 
Total 84,042 65,320 22,466 17,474 12,897 832 203,031

1995 
Conventional 69,464 40,253 9,618 - - 2,494 121,828
Mulch-till 3,206 2,850 - - - - 6,056 
No-till 11,043 30,635 356 - 356 - 42,391 
Other - - - - - - - 
N/A - - 356 12,468 15,674 9,974 38,472 
Unknown - - - - - - - 
Total 83,713 73,738 10,330 12,468 16,030 12,468 208,747

1999 
Conventional 61,807 15,726 366 - - 1,463 79,362 
Mulch-till 10,240 19,383 366 - - 366 30,355 
No-till 15,360 44,618 5,852 - - 731 66,562 
Other - - - - - - - 
N/A - - - 19,018 11,703 - 30,721 
Unknown - - - - - - - 
Total 87,407 79,727 6,584 19,018 11,703 2,560 206,999
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Table 23 
 

OPERATING COSTS ($/acre) FOR  
CONVENTIONAL TILLAGE VERSUS NO-TILL 

(adapted from NRCS 1999) 
Crops Conventional Tillage No-till System Increase/decrease 

Corn 
Operating/machinery 17 5 –12 
Material 100 95 –5 
Other 5 5 0 
Total 122 105 -17 

Soybeans 
Operating/machinery 14 6 –8 
Material 55 83 28 
Other 3 4 1 
Total 72 93 21 

Wheat 
Operating/machinery 12 6 –6 
Material 38 49 11 
Other 3 3 0 
Total 53 58 5 
 
4.4.1.1.2 Conservation Buffers 
 
Conservation buffer strips of vegetation can, if properly planned and maintained, greatly 
reduce the runoff of soil and associated pollutants to nearby receiving waters.  There are 
many practices that can be broadly grouped together as conservation buffers: 
 
• Riparian buffers along streams 
• Contour grass strips 
• Field border buffers 
• Filter strips 
• Grassed swales and waterways 
• Hedges or living snow fences 
• Wetlands 
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• Other strategically planted vegetation that can intercept pollution or reduce wind or 
water erosion 

 
Besides reducing sediment, nutrients and pesticides in runoff water, conservation buffers 
can greatly increase wildlife habitat. Filter strips should not be less than 20 feet, and 
protection of some resources may require much wider vegetation strips. Upgradient land 
slopes greater than 6% should have wider strips, possibly as wide as 130 feet. Floodplain 
riparian buffers having higher flows and longer duration flooding may need to be 
upwards of 200-feet wide.   
 
The USDA’s Conservation Reserve Program (CRP) is an excellent opportunity for 
establishing conservation buffers. Costs for installation of conservation buffers ranges 
widely, as expected given the broad variety of buffer types. The CRP shares in the cost of 
installation of conservation buffers and provides for long term contracts for the setting 
aside of eligible lands.   
 
4.4.1.1.3 Nutrient Management 
 
A crop nutrient management plan can increase the efficiency of crop fertilizer use while 
reducing nutrient losses to streams and lakes. Nutrient management reduces both 
production risk and environmental risk, and can increase agricultural profitability. 
Classically, nutrient management plans contain the following ten components: 
 
1. Field Map (acreage, soils, water bodies and other sensitive habitats) 
2. Soil Test  (determining soil nutrient status)   
3. Crop Rotation (sequencing of crops affects fertilizer needs) 
4. Estimated Crop Yield   
5. Sources and Forms of Nutrients (manure/sludge fertility analysis and understanding 

of inorganic fertilizers) 
6. Sensitive Environmental/Social Areas   
7. Recommended Rates of Nitrogen, Phosphorus & Potassium 
8. Timing of Applications 
9. Methods of Applications 
10. Annual Review and Update   
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Again, all Indiana counties have extension agents available to provide technical 
assistance for developing nutrient management plans.  
 
4.4.1.2 Sediment Trap North of South Drive at the Leeland Addition Channel 
 
Sediment traps slow water flow and allow sedimentation and nutrient removal to take 
place. Objectives for the preliminary design of the sediment trap at this site include: 
 

• Removal of a significant portion of the sediment generated from upstream lands 
during a 2-year 3-hour storm and storms of lesser intensity; 

•  Adequate storm routing.  
 
The sediment trap preliminary design was based on stilling basin guidelines (NIPC, 
2000). Under these guidelines, a stilling basin is designed for velocity dissipation and for 
a 50 percent sediment removal rate. The recommended stilling basin volume is 500 cubic 
feet per impervious watershed acre, with an additional sediment storage capacity of 100 
cubic feet per impervious watershed acre. The stilling basin should be at least three feet 
deep to prevent resuspension of settled particles by wind and turbulence.   
 
The basin will be created by a dam to the water surface in the current channel (Exhibit 
14).  The 45-foot long wall will be placed approximately sixty-five feet north of the 
culvert at South Drive (in the southwestern-most Leeland Addition channel) (Exhibit 23).  
This location was chosen as to minimize hazards to boat traffic near the structure, and to 
provide sufficient volume of settling of suspended solids. We recommend constructing 
the wall out of sheetpile due to its ease of construction and relatively low cost. This 
structure would serve to slow down the flow and allow sediment to settle out before 
entering the channels and the lake.  This location facilitates easy access for construction 
and sediment removal.  
 
4.4.1.3 Cable Dam 
 
An alternative to the sheetpile structure in the Leeland Addition channel, is construction 
of a cable dam (as described in Section 4.3.1.2) south of South Drive on Martin Ditch.  
This method involves the construction of a cable dam (Exhibits 15-16). Cable dams 
require some time to fill up with debris before they start being effective, and may create 
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downstream scour.  Therefore, should this option be implemented, we recommend 
armoring the downstream channel to reduce toe erosion.   
 
4.4.1.4 Check Dams on Martin Ditch Upstream of South Drive 
 
The streambed of Martin Ditch has been identified as a possible source of sediment to the 
Leeland Addition channels and Lake Wawasee (NRCS, 1999).  During storm events, 
erosive flow velocities scour the channel and add sediment to the flow.  A series of check 
dams on Martin Ditch would reduce the energy and erosive capacity of the channel flow 
during rain events. Check dams across drainageways direct and concentrate flow into the 
center of the channel and protect vegetation in the early stages of growth.  While they do 
collect sediment and act as filters, their main function is to reduce the flow velocity in the 
channel.  Check dams can be comprised of stones, sandbags, or gravel (Exhibit 24).   
 
Martin Ditch would require five check dams placed so that the toe of the upstream dam is 
at the same elevation as the top of the downstream dam.  Specific dimensions of the dams 
will depend on site characteristics, however for this study they can be approximated as 
2.75 feet high and the side slope of the dam will be 2:1 or flatter.  The middle of the dam 
will be 9 inches lower than the outer edges at ground elevation to allow the water to flow 
over the center of the dam.  Check dams are generally constructed of stone, and are 
extended 18 inches beyond the banks to prevent washouts.  The downstream structure 
would be located six feet upstream of the culvert at South Drive, to provide for a 
stabilized outlet for the check dam series.  The check dams should be inspected after each 
large storm, to ensure the stability and utility of the structures.  Sediment should be 
removed when it accumulates to one half of the height of the dam.  
 
4.4.2 Hydraulic and Hydrologic Analysis 
 
A preliminary hydraulic and hydrologic analysis was performed to determine the 
potential for sediment control within the Martin Ditch watershed and to ensure 
compliance with the Indiana regulations and flood control.  The headwaters of Martin 
Ditch are located in Kosciusko County to the west, and the stream flows from the south 
to the north.  The 424-acre drainage area upstream of South Drive is largely agricultural 
(Exhibit 2).  Land uses calculated from the Indiana GAP database are shown in Table 24.  
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Table 24 
 

LAND USE IN  
MARTIN DITCH WATERSHED 

Land Use Acres 
Urban 11 
Agriculture 311 
Wetlands 4 
Forest/Woodland 98 

 
Peak storm flows were calculated from the above land uses and rainfall frequencies 
published by Huff and Angel (1992), using the Soil Conservation Service’s TR-20 model 
(SCS, 1992) for watershed runoff.  A sensitivity analysis on the TR-20 was performed 
(Exhibit 25), and the critical storm was found to be 3 hours in duration. Therefore, peak 
flow values for 3-hour storms at various recurrence intervals are reported below (Table 
25), and the resulting hydrographs are included in Exhibit 26:  
 

Table 25 
 

PEAK STORM FLOWS AT  
MARTIN DITCH 

Recurrence Interval 
(3-hour) 

Peak Flow 
(cfs) 

1-Year 34 
2-Year 50 
5-Year 78 

10-Year 105 
25-Year 151 
50-Year 194 

100-Year 287 
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4.4.2.1 Sediment Trap North of South Drive at the Leeland Addition Channel 
 
As per suggested design criteria used for stilling basins (NIPC, 2000), a 2-year storm 
event was used for the preliminary design. The area of drainage for the structure is 0.66 
square miles, and therefore does not fall under Indiana dam safety regulation. Structures 
will be required to be transparent to the regulatory flood, which in Indiana is the 100-year 
storm. 
 
The HEC-RAS program was used to perform a one-dimensional steady flow analysis of 
the stream conditions with the sediment trap at Leeland Addition.  Channel geometry at 
Leeland Addition was approximated based on visual assessment during our site visit and 
USGS map 10-foot contours. The geometry of the existing culvert under South Drive was 
obtained from the Kosciusko County Highway Department. The culvert is a 45.5-foot 
long steel squash pipe with a width of 4.75 feet, and a height of 3.25 feet. The culvert is 
situated 3.75 feet below the road surface of South Drive, and has a slope of 2.7% over its 
length. Peak storm flows were obtained from Table 25, and the model was run for each 
storm event, including the 2-year design flow. 
 
The HEC-RAS analysis indicates that the sediment trap structure has a slight effect on the 
flood elevations under all of the flows in Table 25. Under all events analyzed, the 
sheetpile will be overtopped (Exhibit 27). The results show that the presence of the dam 
causes flood elevations within the stilling basin (north of the culvert South Drive and 
south of the sheetpile dam) to rise by 0.6 feet (in the 100-year, 3-hour storm) to 2.5 feet 
(during the 1-year, 3-hour storm) above existing flood elevations (Exhibit 28). However, 
these increased flood elevations remain below the elevation of South Drive and the 
culvert invert.  Therefore, the HEC-RAS analysis shows that the floodwater will not back 
up into the culvert nor back up over South Drive. 
 
4.4.2.2 Check Dams 
 
The HEC-RAS model was also used to determine the reduction in channel velocities due 
to the installation of the check dams.  A series of five check dams was modeled in Martin 
Ditch so that the toe of the upstream dam is at the same elevation as the top of the 
downstream dam.  The dams were placed between El. 886 and El. 876, as estimated from 
the USGS 10-foot contour quadrangle for Lake Wawasee, and over a 130-foot distance 
(Exhibits 23 and 29). The last structure will be placed six feet upstream of the culvert at 
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South Drive, to provide for a stabilized outlet for the check dam series.  The dams are 
2.75 feet high and the side slope of the dam will be 2:1 or flatter.  The middle of the dam 
is 9 inches lower than the outer edges at ground elevation to allow the water to flow over 
the center of the dam (Exhibit 30).  For the model, we assumed that the stone dams would 
remain in place under all flow conditions. In actually, the check dams will have to be 
inspected, and possibly maintained, after each storm event.  
 
The results of the HEC-RAS model show that water surface elevations upstream of the 
check dams are increased by 1.5 feet (during the 100-year 3-hour storm event) to 2 feet 
(during the 1-year 3-hour storm event).  However, during large storm events, it is likely 
that the dams will be displaced and will not significantly increase flood elevations 
upstream of the check dams.  Elevations at the culvert at South Drive remain unchanged 
as a result of the check dams.   
 
4.4.3 Lake Response 
 
4.4.3.1 Sediment Trap North of South Drive at the Leeland Addition Channel 
 
The sediment trapping efficiency was calculated using the assumed design geometry, 
channel velocity from the HEC-RAS output, assumed sediment size distribution, 
sediment load, and settling velocities.  
 
Sediment loadings to Martin Ditch were estimating using the EPA’s Screening Procedure 
for Watershed Sediment Yield for the 2-year design storm, as outlined in Section 4.3.3 
and Equations (1) through (4).  Input parameters are discussed below. The soil types 
underlying the Martin Ditch watershed are Crosier and Riddles (STATSGO database). 
Corresponding soil attributes are tabulated below. 
 

Table 26 
 

SOIL ERODIBILITY “K” VALUES IN  
MARTIN DITCH WATERSHED 

(Source: STATSGO Database) 
Soil Type Soil ID K Value 
Crosier IN0019 0.32 
Riddles IN0015 0.32 
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Table 27 
 

TOPOGRAPHIC FACTORS FOR SOILS IN  
MARTIN DITCH WATERSHED 

(Source: STATSGO Database) 
Soil Type x b θ ls 
Crosier 0-2 0.2 0.01 0.06 
Riddles 0-2 0.2 0.01 0.06 

 
The cover/management C factor is a measure of the protection of the soil surface by plant 
canopy, crops, and mulches. Table 15 displays the C values selected for each land use 
type. No published values for urban lands are available. It was assumed that erosion is 
negligible from these sources as the area is most predominantly hardened and stabilized; 
therefore, the C value was set to 0. 
 
The supporting practice factor, P, is a measure of the effect of traditional soil 
conservation practices on erosion from agricultural fields. Watershed-wide information 
on conservation practices would be difficult to obtain; therefore, P was assumed to be 
1.0. This corresponds to no conservation practices, and serves as a “worst case” for the 
model. The 2-year storm event sediment yield for the Martin Ditch watershed, calculated 
using Equation 1, is 10 tons of sediment.  
 
Distributions of sediment grain size for the Crosier and Riddles soil types were obtained 
(NRCS, 1998) used in the efficiency calculations (Exhibit 31). The sediment trap 
efficiency was estimated based on the velocity of the water upstream of the dam, and the 
settling capability of the sediment grain size at that velocity.  We estimated sediment trap 
efficiency for the 2-year design storm to be 35% removal.  The sediment trap efficiency 
is rather sensitive to grain size.  The project in the Leeland Addition channels should 
reduce the sediment delivery to the channels by approximately one-third. 
 
4.4.3.2 Check Dams 
 
HEC-RAS modeling results show that over the 130-foot distance where the check dams 
are placed, the velocities are reduced by approximately 68% for the 1-year 3-hour storm, 
63% for the 2-year 3-hour storm, and 57% for the 5-year 3-hour storm.  During the 10-, 
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25-, 50-, and 100-year storms, the effect of the check dams on velocity dissipation for 
large storm events is negligible and the dams are virtually transparent to the large flows. 
 
4.4.4 Permit Requirements 
 
Several different state and federal permits and approvals are required by the erosion 
control on development sites and sediment trap and check dams in the Leeland Addition 
and Martin Ditch (Appendix B). The Indiana Department of Natural Resources requires a 
joint permit application for construction within a floodway of a stream or river, navigable 
waterway, public fresh water lake, and ditch reconstruction. One of the permits listed 
under the joint permit application is the Lake Preservation Act. Lake Preservation Act 
states that no person may change the level of the water of shoreline of a public freshwater 
lake by excavating, filling in, or otherwise causing a change in the area or depth or 
affecting the natural resources scenic beauty or contour of the lake below the waterline or 
shoreline, without first securing the written approval of the DNR. A written permit from 
the department is also required for construction of permanent structures within the 
waterline or shoreline of a public freshwater lake.  This permit would be applicable for 
the sediment trap in the Leeland Addition channel. 
 
The Indiana Department of Environmental Management requires a Section 401 Water 
Quality Certification (WQC) to conduct any activity that may result in a discharge into 
waters of the United States. In general, anyone who is required to obtain a permit from 
the U.S. Army Corps of Engineers (USACE) to engage in dredging, excavation, or filling 
activities must obtain a WQC. The followings are examples that would likely require a 
USACE permit and WQC: dredging a lake, river, stream, or wetland; filling a lake, river, 
stream, or wetland; bank stabilization; pond construction in wetlands; and 
roadway/bridge construction projects involving water crossings. This permit would be 
applicable for the sediment trap in the Leeland Addition channel. 
 
The Detroit USACE requires permits authorizing activities in, or affecting, navigable 
waters of the United States, the discharge of dredged fill material into waters of the 
United States, and the transportation of dredged material for the purpose of dumping into 
ocean waters. Waters of the U.S. also include adjacent wetlands and tributaries to 
navigable waters of the U.S. and other waters where the degradation or destruction of 
which could affect interstate or foreign commerce. This permit would be applicable for 
the sediment trap in the Leeland Addition channel. 
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4.4.5 Easements and Land Availability 
 
Property owners of areas potentially affected by the erosion control on development sites 
and sediment trap and/or stormwater retention in the Leeland Addition/Martin Ditch 
subwatershed were identified. Property owner information was obtained from the 
Property Boundary Plat Maps developed by the Department of Geographic Information 
Systems of Kosciusko County.   
 
The development in the Leeland Addition would have the potential to impact one section 
of the South Drive easement and the following land parcels: parcel 007-091-153 and 007-
091-154 located on the south of South Drive, and owned by Rogers and Lucille J. Martin, 
8289 E. South Rd., Syracuse, IN 46567; parcel 007-091-119A located on the north of 
South Drive by the channel, and owned by Michael P. and Karen S. Huey, 8058 E. South 
Rd., Syracuse, IN 46567; and parcel 007-091-120B located on the north of South Drive 
by the channel, and owned by Thomas K. Littlefield, 8076 E. Quiet Harbor Dr., Syracuse, 
IN 46567. 
 
4.4.6 Unusual Physical and/or Social Costs 
 
The check dams alternative on Martin Ditch would require inspection and possible 
maintenance after every significant rainfall.  If not properly shaped and maintained, the 
check dams could wash down the streambed and end up entering the channel.  The 
sheetpile sediment trap structure in the Leeland Addition channel will affect free 
navigation at the end of the channel, and buoys and warning signage will be necessary to 
alert boaters to its presence.  Consent of the land owners at the end of the channel will 
need to be obtained before this option could be implemented. 
 
4.4.7 Forested Wetland Characterization 
 
Harza reconnoitered the forested wetland east of 800 East Road at Leeland Addition. 
Dominant species are tabulated below (Table 28). All species found were common, and 
characteristic of wetlands; no endangered, threatened or rare species were found. 
Obligate wetland species, facultative wetland species, and facultative upland species were 
found in both areas.  
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Table 28 
 

LEELAND ADDITION/MARTIN DITCH DOMINANT VEGETATION SPECIES 
Common Name Latin Name Wetland Indicator Category 
Green Ash Fraxinus pennsylvanica FACW 
Spotted Touch-Me-Not Impatiens capensis FACW 
American Elm Ulmus americana FACW- 
Eastern Cottonwood Populus deltoides FAC+ 
American Beech Fagus grandifolia FACU 
Shagbark Hickory Carya ovata FACU 
Scrub Oak Quercus ilicifolia NA 
Key:  OBL  = obligate wetland species; probability of occurrence in wetlands: > 99% 
 FACW = facultative wetland species; probability of occurrence in wetlands: 34 to 66% 

FACW+ = facultative wetland species; probability of occurrence in wetlands: 51 to 66% 
 FACW- = facultative wetland species; probability of occurrence in wetlands: 34 to 50% 
 FACU = facultative upland species; probability of occurrence in wetlands: 1 to 33% 

FACU+ = facultative upland species; probability of occurrence in wetlands: 17 to 33% 
 FACU- = facultative upland species; probability of occurrence in wetlands: 1 to 16% 
 UPL = upland species; probability of occurrence in wetlands: <1% 

 
4.4.8 Estimated Cost of Construction 
 
4.4.8.1 Erosion Control Plan 
 
Recent NRCS guides have estimated consulting for preparation of nutrient management 
plans at $5/acre (NRCS 1999). Based upon this unit rate and adjusting for inflation, plan 
development for Leeland Addition subwatershed will cost approximately $2,000. 
 
4.4.8.2 Sediment Trap North of South Drive at the Leeland Addition Channel  
 
The probable cost of construction for the sheetpile structure is $74,300 (Table 29).  To 
develop this cost, we used estimates from Supporting Design Report for Wetland 
Development to Improve the Water Quality of Hamilton Lake (Harza, 1999), and 
adjusted by an inflation and safety factor of 10%.  For materials costs less than $100,000, 
engineering fees were calculated at 15% of the materials cost.  For materials costs above 
$100,000 engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
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estimate is based on 2001 dollars. The stilling basin will be designed to hold 2-5 years 
worth of sediment, after which time maintenance costs will be incurred for sediment 
removal.  Annual inspection of the structure is also recommended. We estimate that 
maintenance costs will be approximately 5% of the capital cost of construction. 
 

Table 29 
 

COST ESTIMATE FOR SEDIMENT TRAP IN LEELAND ADDITION CHANNEL 
Item Cost Unit Amount Total 
Sediment Sampling and Testing $ 1,650  sample 3 $  5,000  
Sheet Pile $      34  Square foot (installed) 596 $20,300  
Mobilization/Demobilization $11,000  lump sum - $11,000  
Restoration $  3,300  lump sum - $  3,300  
Surveying $  5,500  lump sum - $  5,500  
Construction Inspection/Administration @ 10% $  5,000 
Engineering @ 15% $  7,000 
Subtotal $58,000 
Contingency @ 25% $15,000 
Total $73,000 

 
4.4.8.3 Cable Dam 
 
As outlined in Section 4.3.7, the cable dam is estimated to cost $4,000 (Table 21). When 
the structure fills with sediment, it may be practical to build another cable dam further 
upstream or to clean out the original cable dam.  Annual inspection of the structure is also 
recommended. 
 
4.4.8.4 Check Dams on Martin Ditch 
 
The probable cost of construction for the five checkdams is $29,000 (Table 30).  To 
develop this cost, we used estimates from Supporting Design Report for Wetland 
Development to Improve the Water Quality of Hamilton Lake (Harza, 1999), and 
adjusted by an inflation and safety factor of 10%.  For materials costs less than $100,000, 
engineering fees were calculated at 15% of the materials cost.  For materials costs above 
$100,000 engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
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applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. The check dams should be inspected and maintained 
after each significant rainfall event. We estimate that maintenance costs will be 
approximately 10% of the capital cost of construction. 
 

Table 30 
 

COST ESTIMATE FOR CHECK DAMS ON MARTIN DITCH 
Item Cost Unit Amount Total 
Rip Rap $      33  ton 30 $  1,000  
Mobilization/Demobilization $  4,900  lump sum - $  4,900  
Clearing and Grubbing $  3,300  lump sum - $  3,300  
Restoration $  3,300  lump sum - $  3,300  
Surveying $  5,500  lump sum - $  5,500  
Services During Construction @ 10% $  2,000 
Engineering @ 15% $  3,000 
Subtotal $23,000 
Contingency @ 25% $  6,000 
Total $29,000 

 
4.4.9 Recommendation 
 
We recommend installing the check dams on Martin Ditch, due to their cost and 
estimated velocity reduction of up to 68%. We also recommend creating an erosion 
control plan for the Leeland Addition watershed. 
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4.5 EROSION CONTROL ON DEVELOPMENT SITES AND SEDIMENT 
TRAP AND/OR STORMWATER RETENTION IN THE SOUTH 
SHORE SUBWATERSHED 

 
4.5.1 Preliminary Design 
 
Our site selection memorandum (Harza, November 2000) identified several improvement 
projects relating to nutrient and sediment runoff from the South Shore golf course 
(Appendix E). Projects identified for full engineering feasibility evaluation are: 
 

1. Source control at the golf course; 
2. A sediment trap east of Rte 13 (as to avoid disturbing the existing wetland 

west of Rte 13), and; 
3. Biorentention technology at the South Shore Country Club parking lot. 

 
4.5.1.1 Nutrient Management Plan for Golf Course 
 
Best Management Practices (BMPs) are actions or methods that could be used to 
maintain the best quality golf course in the most efficient manner and with little risk to 
the environment. BMPs minimize inputs of fertilizers, pesticides and labor while 
achieving a desired level of course performance and quality. The following provides a 
discussion of some of the BMPs applicable to the protection and maintenance of the golf 
course ecosystem.  
 
The maintenance department of a golf course is responsible for irrigation, mowing, 
fertilization, pesticide application and general upkeep of the golf course grounds.  The 
maintenance area is likely where pesticides are loaded into application equipment, 
mowers and other pieces of equipment are serviced, and pesticides, fuel, fertilizer, and 
cleaning solvents are stored.  This is where pollution of soil, surface water, or ground 
water is most likely to occur.  Contamination can occur when pesticides are spilled, 
containers or equipment cleaned and the rinsewater dumped on the ground or discharged 
into surface water, or improperly cleaned containers are stockpiled or buried.  Proper 
management of the maintenance area is an important part of responsible chemical and 
pesticide use. Some of the BMPs for a golf course maintenance area include: storing the 
contaminants of similar type in covered, lockable storage areas, handling them over 
impermeable surfaces, cleaning up spills promptly and properly, and recycling the 
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materials where possible. An up-to-date inventory of pesticides and their Material Safety 
Data Sheets should also be prepared and be accessible at all times. 
 
Fertilizer management programs can help to create a soil environment where sufficient 
nutrients are available for optimal plant health with minimal risk to water quality. 
Nitrogen and phosphorous are the nutrients most likely to affect water quality. Carefully 
planned applications are critical to the health of turfgrasses and the environment. Quick-
release fertilizers should not be applied before a heavy rainfall or irrigation. In addition, 
fertilizers must not be applied directly into lakes, drainage areas, and other water bodies. 
A buffer zone of low-maintenance grasses or natural vegetation between areas of highly 
maintained turf and water can help to trap unwanted nutrients and to prevent erosion. 
When practical, grass clippings should be allowed to remain on the turf area to 
decompose and recycle nutrients back into the turf.  
 
Maintaining the appropriate level of irrigation is important not only to the turf, but to the 
preservation of water quality. A properly designed and installed irrigation system will 
apply a uniform level of water at the desired rate and time, and will only provide enough 
water to compensate for that lost by evapotranspiration. The irrigation system should be 
shut off if runoff is observed, and only re-activated after the water infiltrates the soil. Too 
much water may leach contaminants into the groundwater or carry them as runoff to 
surface water.  
 
4.5.1.2 Sediment Trap at South Shore Ditch East of Route 13 
 
Sediment traps slow water flow and allow sedimentation and nutrient removal to take 
place. Objectives for the preliminary design of the sediment trap at this site include: 
 

• Removal of a significant portion of the sediment generated from upstream lands 
during a 2-year 3-hour storm and storms of lesser intensity; 

• Adequate storm routing.  
 
The sediment trap preliminary design was based on stilling basin guidelines (NIPC, 
2000). Under these guidelines, a stilling basin is designed for velocity dissipation and for 
a 50 percent sediment removal rate. The recommended stilling basin volume is 500 cubic 
feet per impervious watershed acre, with an additional sediment storage capacity of 100 
cubic feet per impervious watershed acre. The stilling basin should be at least three feet 
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deep to prevent resuspension of settled particles by wind and turbulence.  The length of 
the sediment basin was designed to be three times greater than the basin’s width for 
greater settling capacity.   
 
The basin will be created by a dam approximately three feet high within the current 
stream channel.  The 20-foot long dam will be placed approximately 125 feet east of 
Route 13 and ten feet west of South Shore Drive on the South Shore Ditch (Exhibit 32).  
The structure will contain a notch above the centerline of the channel to release the water 
slowly into the culvert (Exhibit 14). While there are many possibilities for materials 
(concrete, sheetpile, earth, lumber), we generally recommend sheetpile due to its ease of 
construction and relatively low cost. This structure would serve to slow down the flow 
and allow sediment to settle out before entering the lake.  Locating the sediment trap in 
this location would disturb some forest cover, however would facilitate easy access for 
construction and sediment removal from South Shore Drive. A water line running from 
Lake Wawasee west to the golf course through South Shore Ditch will either need to be 
relocated around the sediment trap, or included in the final design of the sheetpile wall. 
 
4.5.1.3 Bioretention at the South Shore Country Club Parking Lot 
 
Bioretention is an alternative to conventional BMPs. As shown in Exhibit 33, the 
bioretention system is a shallow depression that retains stormwater on site and uses plant 
and layers of soil, sand and mulch to treat and manage the amount of nutrients and other 
pollutants in stormwater runoff. It is applicable to impervious surfaces at commercial, 
residential and industrial areas. Typically, bioretention facilities are placed to intercept 
runoff near the source. Runoff from an impervious area is either diverted directly into the 
bioretention area or conveyed into the system by a curb and gutter collection system. 
Native shrubs, grasses and small trees are planted in the depression to promote 
evapotranspiration, maintain soil porosity, encourage biological activity, and promote 
uptake of some pollutants when water gradually infiltrates the system. An underdrain 
system is included to collect the infiltrated water and discharge it to a downstream sewer 
system.  
 
Design details for bioretention structures are found elsewhere (PGDER, 1993). For 
preliminary design purposes, this manual suggests the following: 
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• The size of a bioretention area should be 5 to 7 percent of the drainage area 
multiplied by the rational method runoff coefficient determined for the site. 

• The recommended minimum dimensions are 15 feet wide by 40 feet long. Any 
facilities wider than 20 feet should be twice as long as they are wide. 

• The maximum recommended ponding depth is 6 inches.  
• Planting soils should be sandy loam, loamy sand, or loam texture with a clay 

content ranging from 10 to 25 percent. 
• Three species of both trees and shrubs are recommended to be planted at a rate of 

1000 trees and shrubs per acre. The shrub-to-tree ratio should be 2:1 to 3:1. On 
average, trees and shrubs should be spaced 12 feet and 8 feet apart, respectively. 

 
The proposed bioretention facility will be located on between the golf course pavilion 
and Route 13. This drainage area of 82,500 square feet (including the clubhouse, storage 
buildings, and the parking lot of the golf course) is outside the watershed delineated for 
South Shore Ditch, and it drains east to Lake Wawasee through an underdrain.  The 
bioretention facility will treat this drainage area of the parking lot and clubhouse areas, 
and the runoff coefficient used was 0.85, corresponding to a high percentage of 
impervious surfaces. The required size of the facility is estimated to be 4,900 square feet. 
Therefore, a preliminary layout involves a 45-foot wide by 110-foot long bioretention 
system, with a maximum ponding depth of six inches. 
 
4.5.2 Hydraulic and Hydrologic Analysis 
 
A preliminary hydraulic and hydrologic analysis was performed to determine the 
potential for sediment control within the South Shore watershed and to ensure 
compliance with the Indiana regulations and flood control.  The headwaters of South 
Shore Ditch are located in Kosciusko County to the west, and the stream flows from the 
southeast to the northeast.  The drainage area upstream of South Shore Drive is largely 
agricultural (Exhibit 2).  Land uses calculated from the Indiana GAP database are shown 
in Table 31.  
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Table 31 
 

LAND USE IN  
SOUTH SHORE WATERSHED 
Source: Indiana GAP Database 

Land Use Acres 
Urban 4 
Agriculture 512 
Wetland 5 
Forest/Woodland 55 

 
Peak storm flows were calculated from the above land uses and rainfall frequencies 
published by Huff and Angel (1992), using the Soil Conservation Service’s TR-20 model 
(SCS, 1992) for watershed runoff.  A sensitivity analysis on the TR-20 was performed 
(Exhibit 34), and the critical storm was found to be 2 hours in duration. Therefore, peak 
flow values for 2-hour storms at various recurrence intervals are reported below (Table 
32), and the resulting hydrographs are included in Exhibit 35:  
 

Table 32 
 

PEAK STORM FLOWS AT  
SOUTH SHORE DITCH 

Recurrence Interval 
(2-hour) 

Flow 
(cfs) 

1-Year 73 
2-Year 106 
5-Year 167 

10-Year 225 
25-Year 326 
50-Year 420 

100-Year 529 
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4.5.2.1 Sediment Trap at South Shore Ditch East of Route 13 
 
As per suggested design criteria used for stilling basins, a 2-year storm event was used 
for the preliminary design. The area of drainage for the structure is 0.9 square miles, and 
therefore does not fall under Indiana dam safety restrictions. Structures will be required 
to be transparent to the regulatory flood, which in Indiana is the 100-year storm. 
 
The HEC-RAS (Hydrologic Engineering Center’s River Analysis System developed by 
the U.S. Army Corps of Engineers) was used to perform a one-dimensional steady flow 
analysis of the stream conditions with the sediment trap at South Shore Ditch.  Please see 
Appendix D for an overview of the model’s capabilities. 
 
Channel geometry at South Shore Ditch was approximated based on visual assessment 
during our site visit and USGS map 10-foot contours. The geometry of the existing 3-
sided box culvert under South Drive was obtained from the Kosciusko County Highway 
Department. The culvert is a 26-foot long 3-sided box culvert with a width of 13 feet, and 
a maximum height of 4.33 feet. The culvert is situated 1.25 feet below the road surface of 
South Drive, and has a slope of 1.0% over its length. Peak storm flows were obtained 
from Table 32, and the model was run for each storm event, including the 2-year design 
flow. 
 
The HEC-RAS analysis indicates that the structure has a slight effect on the flood 
elevations under all of the flows in Table 32. Under all events analyzed, the sheetpile 
wall will overtop and allow the passage of the flow (Exhibit 36). The results show that 
the presence of the dam causes flood elevations south of the culvert at South Shore Drive 
and south of the culvert at Route 13 to rise by 0.01 feet (in the 100-year, 2-hour storm) to 
2.1 feet (during the 1-year, 2-hour storm) above existing flood elevations (Exhibit 37). 
However, these increased flood elevations remain below the elevation of South Shore 
Drive and of Route 13.  Therefore, the HEC-RAS analysis shows that the floodwater will 
not back up over South Shore Drive or Route 13. 
 
This level of analysis is acceptable for a preliminary feasibility analysis, however a more 
detailed basin model will need to be developed during final design and permitting.  Site 
elevation surveys should be performed in the upcoming phases to more accurately 
characterize the shape of the channel. 
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4.5.3 Lake Response 
 
4.5.3.1 Sediment Trap at South Shore Ditch East of Route 13 
 
The efficiency of the sediment trap was calculated using the design geometry, channel 
velocity from the HEC-RAS output, sediment size distribution, sediment load, and 
settling velocities.  
 
Sediment loadings to South Shore Ditch were estimating using the EPA’s Screening 
Procedure for Watershed Sediment Yield for the 2-year design storm, as outlined in 
Section 4.3.3 and Equations (1) through (4).  Input parameters are discussed below. The 
soil types underlying the South Shore Ditch watershed are Crosier and Riddles 
(STATSGO database). Corresponding soil attributes are tabulated in Tables 26 and 27 in 
Section 4.4.3.1. 
 
The cover/management C factor is a measure of the protection of the soil surface by plant 
canopy, crops, and mulches. Table 15 displays the C values selected for each land use 
type. No published values for urban lands are available. It was assumed that erosion is 
negligible from these sources as the area is most predominantly hardened and stabilized; 
therefore, the C value was set to 0. 
 
The supporting practice factor P is a measure of the effect of traditional soil conservation 
practices on erosion from agricultural fields. Watershed-wide information on 
conservation practices would be difficult to obtain; therefore, P was assumed to be 1.0. 
This corresponds to no conservation practices, and serves as a “worst case” for the model. 
The 2-year storm event sediment yield for the South Shore Ditch watershed, calculated 
using Equation 1, is 5 tons of sediment.  
 
Distributions of sediment size for the Crosier and Riddles soil types was obtained 
(NRCS, 1998) used in the efficiency calculations (Exhibit 31). The sediment trap 
efficiency was estimated based on the velocity of the water upstream of the dam, and the 
settling capability of the sediment grain size at that velocity.  Estimated sediment trap 
efficiency for the 2-year design storm was 27% removal.  The sediment trap efficiency is 
sensitive to grain size, therefore it is recommended that sediment size be more accurately 
characterized as part of the final design. 
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4.5.3.2 Bioretention at the South Shore Country Club Parking Lot 
 
Bioretention removes storm water pollutants in many ways, including adsorption, 
filtration, plant uptake, microbial activity, decomposition, sedimentation and 
volatilization.  These processes depend on adequate contact time with the soil and 
vegetation, and therefore the performance of the biofilter is dependent upon the design 
filtration rates.  It is estimated that a bioretention facility designed within the 
recommended filtration rates will remove 90% of total suspended solids and 70-80% of 
phosphorus and nitrogen compounds (PGDER, 1993). 
 
4.5.4 Permit Requirements 
 
Several different state and federal permits and approvals are required by the erosion 
control on development sites and sediment trap and/or stormwater retention project in the 
South Shore subwatershed (Appendix B). The Indiana Department of Environmental 
Management requires a Section 401 Water Quality Certification (WQC) to conduct any 
activity that may result in a discharge into waters of the United States. In general, anyone 
who is required to obtain a permit from the U.S. Army Corps of Engineers (USACE) to 
engage in dredging, excavation, or filling activities must obtain a WQC. The followings 
are examples that would likely require a USACE permit and WQC: dredging a lake, 
river, stream, or wetland; filling a lake, river, stream, or wetland; bank stabilization; pond 
construction in wetlands; and roadway/bridge construction projects involving water 
crossings.  
 
The Detroit USACE requires permits authorizing activities in, or affecting, navigable 
waters of the United States, the discharge of dredged fill material into waters of the 
United States, and the transportation of dredged material for the purpose of dumping into 
ocean waters. Waters of the U.S. also include adjacent wetlands and tributaries to 
navigable waters of the U.S. and other waters where the degradation or destruction of 
which could affect interstate or foreign commerce.  
 
4.5.5 Easements and Land Availability 
 
Property owners of areas potentially affected by the erosion control on development sites 
and sediment trap and/or stormwater retention in the South Shore subwatershed were 
identified. Property owner information was obtained from the Property Boundary Plat 
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Maps developed by the Department of Geographic Information Systems of Kosciusko 
County.   
 
The nutrient management plan and bioretention technology in the South Shore 
subwatershed would have the potential to the following land parcels: parcels 007-086-97, 
007-086-99, 007-086-100, 007-086-101, 007-086-103, 007-086-104, 007-086-105, and 
007-087-001 located on the west of Route 13, and owned by South Shore Country Club 
LLC, 10601 N. SR13, Syracuse, IN 46567.  The sediment trap in the South Shore 
watershed would have the potential to impact one section of the Route 13 easement and 
the following land parcels: parcel 007-086-094A located on the east of Route 13, and 
owned by Mildred J. Folds, 10896 N. South Shore Dr., Syracuse, IN 46567; and parcel 
007-086-094B located on the east of Route 13, and owned by Paul and Linda Phillabaum, 
10918 N. South Shore, Syracuse, IN 46567. 
 
4.5.6 Unusual Physical and/or Social Costs 
 
Both the nutrient management plan and the bioretention alternative depend on the South 
Shore Golf Course for acceptance and implementation.  The construction of the sediment 
trap may disturb forest cover at South Shore Drive. In addition, this alternative may 
impact the golf course’s water line that runs under the box culvert at South Shore Drive. 
Should this option be recommended, and depending on final design, permission may be 
necessary to alter the existing location of the water line. 
 
4.5.7 Wetland Characterization 
 
Harza reconnoitered two wetland communities at South Shore. These sites were east and 
west of Hwy 13. Dominant species were identified and are tabulated below. All species 
found were common; no endangered, threatened or rare species were found. Obligate 
wetland species, facultative wetland species, and facultative upland species were found. 
We characterize both wetlands as forested wetlands.  
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Table 33 
 

SOUTH SHORE WETLAND DOMINANT SPECIES 

SOUTH SHORE WETLAND WEST OF SOUTH SHORE DRIVE 

Common Name Latin Name Wetland Indicator Category 
Silver Maple Acer saccharinum FACW 
Box-Elder Acer negundo FACW- 
Red Mulberry Morus rubra FAC- 

GOLF COURSE WETLAND WEST OF ROUTE 13 

Common Name Latin Name Wetland Indicator Category 
Spotted Touch-Me-Not Impatiens capensis FACW 
American Sycamore Platanus occidentalis FACW 
Eastern Cottonwood Populus deltoides FAC+ 
Common Pokeweed Phytolacca americana FAC- 
Black Walnut Juglans nigra FACU 
Key:  OBL  = obligate wetland species; probability of occurrence in wetlands: > 99% 
 FACW = facultative wetland species; probability of occurrence in wetlands: 34 to 66% 

FACW+ = facultative wetland species; probability of occurrence in wetlands: 51 to 66% 
 FACW- = facultative wetland species; probability of occurrence in wetlands: 34 to 50% 
 FACU = facultative upland species; probability of occurrence in wetlands: 1 to 33% 

FACU+ = facultative upland species; probability of occurrence in wetlands: 17 to 33% 
 FACU- = facultative upland species; probability of occurrence in wetlands: 1 to 16% 
 UPL = upland species; probability of occurrence in wetlands: <1% 

 
4.5.8 Estimated Cost of Construction 
 
4.5.8.1 Nutrient Management Plan for the Golf Course 
 
Recent NRCS guides have estimated consulting for preparation of nutrient management 
plans at $5/acre (NRCS 1999). According to the Kosciusko County’s property boundary 
information, the South Shore Country Club’s lands total approximately 115 acres.  Based 
upon this unit rate and adjusting for inflation, plan development for South Shore golf 
course will cost approximately $2,000. 
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4.5.8.2 Sediment Trap at South Shore Ditch East of Route 13 
 
The probable cost of construction for the sediment trap is $72,000 (Table 34).  To 
develop this cost, we used estimates from Supporting Design Report for Wetland 
Development to Improve the Water Quality of Hamilton Lake (Harza, 1999), and 
adjusted by an inflation and safety factor of 10%.  For materials costs less than $100,000, 
engineering fees were calculated at 15% of the materials cost.  For materials costs above 
$100,000 engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. The stilling basin will be designed to hold 3-5 years 
worth of sediment, after which time maintenance costs will be incurred for sediment 
removal.  Annual inspection of the structure is also recommended. We estimate that 
maintenance costs will be approximately 5% of the capital cost of construction. 
 

Table 34 
 

COST ESTIMATE FOR SEDIMENT TRAP AT SOUTH SHORE DITCH 
Item Cost Unit Amount Total 
Dewatering of Work Area $ 5,500  Lump sum - $  5,500  
Sediment Sampling and Testing $ 1,650  Sample 3 $  5,000  
Sheet Pile $      34  Square foot (installed) 265 $  9,050  
Excavation $      23  Square yard (small jobs) 27 $     630  
Rip Rap $      33  Ton 37 $  1,200  
GeoTextile Fabric $        7  Square yard 27 $     180  
Mobilization/Demobilization $11,000  Lump sum - $11,000  
Clearing and Grubbing $  3,300  Lump sum - $  3,300  
Restoration $  3,300  Lump sum - $  3,300  
Surveying $  5,500  Lump sum - $  5,500  
Services During Construction @ 10% $  5,000 
Engineering @ 15% $  7,000 
Subtotal $57,000 
Contingency @ 25% $15,000 
Total $72,000 
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4.5.8.3 Bioretention at the South Shore Country Club Parking Lot  
 
The probable cost of construction for the bioretention facility is $179,000 (Table 35).  To 
develop this cost, we used estimates from Prince George’s County, Maryland (PGDER, 
1993) and Supporting Design Report for Wetland Development to Improve the Water 
Quality of Hamilton Lake (Harza, 1999), and adjusted by an inflation and safety factor of 
10%.  For materials costs less than $100,000, engineering fees were calculated at 15% of 
the materials cost.  For materials costs above $100,000 engineering fees were calculated 
at 10% of the materials cost.  Services during construction were estimated at 10% of the 
materials cost.  A 25% contingency was applied to the subtotal of materials, engineering, 
and services during construction.  This estimate is based on 2001 dollars. Annual 
inspection, pruning and weeding, and replacement of the plantings as required, are also 
recommended. We estimate the operation and maintenance cost at 10% of the capital 
cost. 
 

Table 35 
 

COST ESTIMATE FOR BIORETENTION FACILITY 
Item Cost Unit Qty Total 
Mobilization/Demobilization $  8,400 Lump sum - $   8,400 
Surveying $  5,500  Lump sum - $   5,500  
Clearing and Grubbing $  3,300  Lump sum - $   3,300  
Planting and Grading  $      20 Square foot (installed) 4,900 $ 98,000 
Restoration $  3,300  Lump sum - $   3,300  
Services During Construction @ 10% $ 12,000 
Engineering @ 10% $ 12,000 
Subtotal $143,000 
Contingency @ 25% $ 36,000 
Total $179,000 

 
4.5.9 Recommendation 
 
We recommend preparing a nutrient management plan for the golf course, and installing 
a bioretention facility east of the golf course parking lot.  These two choices will address 
both the area of the golf course that drains north to South Shore Ditch, and the area that 
drains east to the lake via an underdrain. 
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4.6 RECONSTRUCTED WETLAND IN THE BAYSHORE SWAMP 
 
4.6.1 Preliminary Design 
 
Our site selection memorandum identified alternative improvement projects relating to 
nutrient and sediment runoff from the Bayshore watershed (Appendix E). Projects 
identified for feasibility evaluation are: 
 

1. Enhancing the wetland west of CR 850E, which will back up the water and 
allow settling of sediment without the loss of the recreational benefits of the 
ponds, and; 

2. The in-channel sediment trap at Bayshore north of Hatchery Road, which 
would provide sediment removal while allowing easy access for maintenance 
and sediment removal. 

 
Objectives for this site are: 
 

• Removal of a significant portion of the sediment generated from upstream lands 
during a 2-year 3-hour storm and storms of lesser intensity, and 

•  Adequate storm routing.  
 
4.6.1.1 Enhanced Wetland West of CR 850E 
 
Wetlands may slow water flow and allow sedimentation and nutrient removal to take 
place. The preliminary design allows for velocity dissipation and for a 50 percent 
sediment removal rate (NIPC, 2000). The wetland will be enhanced by extending a 
sheetpile dam four feet above the bottom of the current culvert under CR 850E.  The 20-
foot long wall will be placed approximately 20 feet west of CR 850E and 500 feet south 
of Hatchery Road in the Bayshore existing wetland (Exhibit 38).  The structure will 
contain a notch above the centerline of the channel to release the water slowly over the 
wall and into the culvert (Exhibit 14). Placing the sediment trap off the CR 850E road 
would facilitate easy access for construction equipment and sediment removal. Some 
existing wetland vegetation may be disturbed during construction of the sheetpile dam.  
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4.6.1.2 Sediment Trap in Bayshore Channel 
 
Sediment traps also slow water flow and allow sedimentation and nutrient removal to 
take place. The sediment trap preliminary design was also designed for velocity 
dissipation and for a 50 percent sediment removal rate (NIPC, 2000). The sediment trap 
will be created by a wall extending four feet above the bottom of the current channel.  
The 45-foot long wall will be placed approximately 35 feet north of Hatchery Road in the 
westernmost Bayshore Channel (Exhibit 38).  The structure will contain a notch above 
the centerline of the channel to release the water slowly over the wall and into the culvert 
(Exhibit 14). We recommend constructing the wall out of sheetpile due to its ease of 
construction and relatively low cost. Placing the sediment trap in this location may inhibit 
navigation in the southernmost end of the channel, however this location would facilitate 
easy access for construction and sediment removal from Hatchery Road.  
 
4.6.2 Hydraulic and Hydrologic Analysis 
 
A preliminary hydraulic and hydrologic analysis was performed to determine the effects 
of these two alternatives on sediment reduction and to ensure compliance with Indiana 
regulations.  The drainage area upstream of the Bayshore wetland and channel is 108 
acres and largely agricultural (Exhibit 2).  Land uses calculated from the Indiana GAP 
database are shown in Table 36.  
 

Table 36 
 

LAND USE IN  
BAYSHORE WATERSHED 

Source: Indiana GAP Database 
Land Use Acres 
Urban 2 
Agriculture 77 
Wetlands 5 
Forest/Woodland 24 

 
Peak storm flows were calculated for watershed runoff using the Soil Conservation 
Service’s TR-20 model (SCS, 1992).  A sensitivity analysis on the TR-20 was performed 
for both the area upstream of the Bayshore wetland, and the area upstream of the 
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Bayshore channel (Exhibits 39 and 41). The critical storm was found to be 2 hours in 
duration for both sites. Therefore, peak flow values for 2-hour storms at various 
recurrence intervals are reported below (Tables 37 and 38), and the resulting hydrographs 
are included in Exhibits 40 and 42. 
 

Table 37 
 

PEAK STORM FLOWS AT  
BAYSHORE WETLAND 

Recurrence Interval 
(2-hour) 

Flow 
(cfs) 

1-Year 12 
2-Year 19 
5-Year 32 

10-Year 44 
25-Year 66 
50-Year 87 

100-Year 112 
 

Table 38 
 

PEAK STORM FLOWS AT  
BAYSHORE CHANNEL 

Recurrence Interval 
(2-hour) 

Flow 
(cfs) 

1-Year 13 
2-Year 20 
5-Year 33 

10-Year 46 
25-Year 69 
50-Year 91 

100-Year 116 
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4.6.2.1 Enhanced Wetland West of CR 850E 
 
As per suggested design criteria used for stilling basins, a 2-year storm event was used 
for the preliminary design. The area of drainage for the structure is 0.14 square miles, and 
therefore does not fall under Indiana dam safety restrictions. Structures will be required 
to be transparent to the regulatory flood, which in Indiana is the 100-year storm. 
 
The HEC-RAS model was used to perform a one-dimensional steady flow analysis of the 
stream conditions with the sediment trap at the Bayshore wetland.  Channel geometry at 
the Bayshore wetland was approximated based on a visual assessment performed during 
our site visit, and USGS map 10-foot contours. The culverts at CR 850 E and Hatchery 
Road have diameters too small to be included in the Kosciusko County Highway 
Department’s database at the present time, and therefore assumptions were made 
regarding the geometry of these culverts.  We assumed that the culvert under CR 850 E is 
a 30-foot long 18-inch pipe, and that the culvert under Hatchery Road emptying into the 
Bayshore channel is a 280-foot long 24-inch pipe.  Peak storm flows were obtained from 
Table 37, and the model was run for each storm event, including the 2-year design flow. 
 
The HEC-RAS analysis indicates that the structure has an insignificant effect on the flood 
elevations under all of the flows in Table 37. Under all events analyzed, the sheetpile 
wall will overtop and allow the passage of the flow (Exhibit 43). The results show that 
the presence of the dam does not affect flood elevations (Exhibit 44), nor does the dam 
change the water velocities at this location. According to the model results, water flows 
over CR 850 E during all but the 1-year 2-hour storm, and flood elevations are controlled 
by the size of the culverts under CR 850 E Road and under Hatchery Road.  All storms 
analyzed for the existing conditions cause ponding west of CR 850 E Road, and model 
results show that placing a sheetpile dam at this location will not increase retention time 
enough to improve the trapping efficiency of the existing wetland.  Therefore, this 
alternative will not alter sediment loadings to Lake Wawasee and is not recommended for 
further study. 
 
4.6.2.2 Sediment Trap in Bayshore Channel 
 
As per suggested design criteria used for stilling basins (NIPC, 2000), a 2-year storm 
event was used for the preliminary design. The area of drainage for the structure is 0.17 
square miles, and therefore does not fall under Indiana dam safety restrictions. 
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The HEC-RAS model was also used to perform a one-dimensional steady flow analysis 
of the stream conditions with the sediment trap at the Bayshore channel.  Channel 
geometry at the Bayshore channel was approximated based on a visual assessment 
performed during our site visit, and USGS map 10-foot contours. We assumed that the 
culvert under CR 850 E is a 30-foot long 18-inch pipe, and that the culvert under 
Hatchery Road emptying into the Bayshore channel is a 280-foot long 24-inch pipe.  
These assumptions will need to be field-verified during final design.  Peak storm flows 
were obtained from Table 38, and the model was run for each storm event, including the 
2-year design flow. 
 
The HEC-RAS analysis indicates that the structure has a minor effect on the flood 
elevations under all of the flows in Table 38. Under all events analyzed, the sheetpile will 
overtop and allow the passage of the flow (Exhibit 45). The results show that the 
presence of the proposed dam causes flood elevations north of the culvert at Hatchery 
Road and south of the sheetpile dam to rise by 0.29 feet (in the 100-year, 2-hour storm) to 
2.33 feet (during the 1-year, 2-hour storm) above existing flood elevations (Exhibit 46). 
However, these increased flood elevations remain below the elevation of Hatchery Road.   
 
This level of analysis is acceptable for a preliminary feasibility analysis, however a more 
detailed basin model will need to be developed during final design and permitting.  Site 
elevation surveys should be performed in the upcoming phases to more accurately 
characterize the shape of the channel. 
 
4.6.3 Lake Response 
 
4.6.3.1 Enhanced Wetland West of CR 850E 
 
The efficiency of the enhanced wetland was calculated using the design geometry, 
estimated channel velocity from the HEC-RAS output, assumed sediment size 
distribution, estimated sediment load, and settling velocities.  
 
Sediment loadings to the Bayshore wetland were estimated using the EPA’s Screening 
Procedure for Watershed Sediment Yield for the 2-year design storm, as outlined in 
Section 4.3.3 and Equations (1) through (4).  Input parameters are discussed below. The 
soil type underlying the Bayshore wetland watershed is Crosier (STATSGO database). 
Corresponding soil attributes are tabulated in Tables 26 and 27 in Section 4.4.3.1. 
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The cover/management C factor is a measure of the protection of the soil surface by plant 
canopy, crops, and mulches. Table 15 displays the C values selected for each land use 
type. No published values for urban lands are available. It was assumed that erosion is 
negligible from these sources as the area is most predominantly hardened and stabilized; 
therefore, the C value was set to 0. 
 
The supporting practice factor P is a measure of the effect of traditional soil conservation 
practices on erosion from agricultural fields. Watershed-wide information on 
conservation practices would be difficult to obtain; therefore, P was assumed to be 1.0. 
This corresponds to no conservation practices, and serves as a “worst case” for the model. 
The 2-year storm event sediment yield for the Bayshore wetland watershed, calculated 
using Equation 1, is 3 tons of sediment.  
 
Distributions of sediment size for the Crosier soil type was obtained (NRCS, 1998) used 
in the efficiency calculations (Exhibit 31). The sediment trap efficiency was estimated 
based on the velocity of the water upstream of the dam, and the settling capability of the 
sediment grain size at that velocity.  It was estimated that the existing Bayshore 
Wetland’s efficiency for the 2-year design storm was 42% removal.  The sheetpile 
structure at CR 850 E would not change this trapping existing efficiency. The sediment 
trap efficiency is sensitive to grain size, therefore it is recommended that sediment size be 
more accurately characterized as part of the final design. 
 
4.6.3.2 Sediment Trap in Bayshore Channel 
 
The efficiency of the sediment trap was calculated using the design geometry, estimated 
channel velocity from the HEC-RAS output, assumed sediment size distribution, 
estimated sediment load, and settling velocities.  
 
Sediment loadings to the Bayshore channel were again estimated using the EPA’s 
Screening Procedure for Watershed Sediment Yield for the 2-year design storm, as 
outlined in Section 4.3.3 and Equations (1) through (4).  Input parameters are discussed 
below. The soil type underlying the Bayshore wetland watershed is Crosier (STATSGO 
database). Corresponding soil attributes are tabulated in Tables 26 and 27 in Section 
4.4.3.1. 
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The cover/management C factor is a measure of the protection of the soil surface by plant 
canopy, crops, and mulches. Table 15 displays the C values selected for each land use 
type. No published values for urban lands are available. It was assumed that erosion is 
negligible from these sources as the area is most predominantly hardened and stabilized; 
therefore, the C value was set to 0. This assumption is acceptable for our purposes here. 
 
The supporting practice factor P is a measure of the effect of traditional soil conservation 
practices on erosion from agricultural fields. Watershed-wide information on 
conservation practices would be difficult to obtain; therefore, P was assumed to be 1.0. 
This corresponds to no conservation practices, and serves as a “worst case” for the model. 
The 2-year storm event sediment yield for the Bayshore channel watershed, calculated 
using Equation 1, is 3 tons of sediment.  
 
Distributions of sediment size for the Crosier soil type was obtained (NRCS, 1998) used 
in the efficiency calculations (Exhibit 31). The sediment trap efficiency was estimated 
based on the velocity of the water upstream of the dam, and the settling capability of the 
sediment grain size at that velocity.  Estimated sediment trap efficiency for the 2-year 
design storm was 45% removal.  The sediment trap efficiency is sensitive to grain size, 
therefore it is recommended that sediment size be more accurately characterized as part 
of the final design. 
 
4.6.4 Permit Requirements 
 
Several different state and federal permits and approvals are required by the reconstructed 
wetland project in the Bayshore swamp (Appendix B). The Indiana Department of 
Natural Resources requires a joint permit application for construction within a floodway 
of a stream or river, navigable waterway, public fresh water lake, and ditch 
reconstruction. One of the permits listed under the joint permit application is the Lake 
Preservation Act. Lake Preservation Act states that no person may change the level of the 
water of shoreline of a public freshwater lake by excavating, filling in, or otherwise 
causing a change in the area or depth or affecting the natural resources scenic beauty or 
contour of the lake below the waterline or shoreline, without first securing the written 
approval of the DNR. A written permit from the department is also required for 
construction of permanent structures within the waterline or shoreline of a public 
freshwater lake.  This permit would be required for the sediment trap in the Bayshore 
Channel. 
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The Indiana Department of Environmental Management requires a Section 401 Water 
Quality Certification (WQC) to conduct any activity that may result in a discharge into 
waters of the United States. In general, anyone who is required to obtain a permit from 
the U.S. Army Corps of Engineers (USACE) to engage in dredging, excavation, or filling 
activities must obtain a WQC. The followings are examples that would likely require a 
USACE permit and WQC: dredging a lake, river, stream, or wetland; filling a lake, river, 
stream, or wetland; bank stabilization; pond construction in wetlands; and 
roadway/bridge construction projects involving water crossings. Should any excavation 
be necessary of the wetland site, approval may be required under the Ditch Act. 
 
The Detroit USACE requires permits authorizing activities in, or affecting, navigable 
waters of the United States, the discharge of dredged fill material into waters of the 
United States, and the transportation of dredged material for the purpose of dumping into 
ocean waters. Waters of the U.S. also include adjacent wetlands and tributaries to 
navigable waters of the U.S. and other waters where the degradation or destruction of 
which could affect interstate or foreign commerce.  
 
4.6.5 Easements and Land Availability 
 
Property owners of areas potentially affected by the reconstructed wetland in the 
Bayshore Swamp were identified. Property owner information was obtained from the 
Property Boundary Plat Maps developed by the Department of Geographic Information 
Systems of Kosciusko County.   
 
The development in the Bayshore Swamp would have the potential to impact one section 
of the Hatchery Road easement and the following land parcels: parcel 007-101-091A 
located on the south of Hatchery Road by 850E Road, and owned by Jerry C. and 
Seritakay Lowe, 8746 E. Hatchery Rd., Syracuse, IN 46567; parcel 007-101-076 also 
located on the south of Hatchery Road by 850E Road, and owned by Gary Mithing, 9702 
N. Bayshore Dr., Syracuse, IN 46567; parcel 007-102-001 located on the south of 
Hatchery Road by 850E Road, and owned by Rev. Ethel B. Hite, 8423 E. Hatchery Rd., 
Syracuse, IN 46567; parcels 007-102-001D and 007-102-100C also located on the south 
of Hatchery Road by 850E Road, and owned by Donald M. and Louise McClintic, 12 
Green Acre Ct. Brownsburg, IN 46112; parcel 007-101-164 owned by Milett Kedys and 
Janet Brouwer, 3043 Rose Brook Circle, Westchester, IL 60154; and parcel 007-101-094 
owned by Fred and Roberta Kujawski, 506 Magnolia Dr., Crown Pt., IN 46307. 
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4.6.6 Unusual Physical and/or Social Costs 
 
The sheetpile sediment trap structure in the Bayshore channel could have navigational 
impacts, therefore buoys and warning signage will be necessary to alert boaters to its 
presence. 
 
4.6.7 Wetland Characterization 
 
Harza reconnoitered vegetation communities in the Bayshore area south of Hatchery 
Road and both east and west of CR 850 E. Dominant species were identified in two 
wetland areas, on the east and west sides of Road 850 East. Wetland vegetation species 
are tabulated below. All species found were common; no endangered, threatened or rare 
species were found. Obligate wetland species, facultative wetland species, and facultative 
upland species were found in both areas. We characterize the Bayshore wetlands are a 
mosaic of emergent, scrub-shrub and forested wetlands. The wetlands and well 
positioned to capture soil eroded from upland areas. 
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Table 39 
 

BAYSHORE WETLANDS 

WETLANDS EAST OF CR 850 E 

Common Name Latin Name Wetland Indicator Category 
Broad-Leaved Arrowhead Sagittaria latifolia OBL aquatic – emergent 
Narrow-Leaf Cattail Typha angustifolia OBL 
Sandbar Willow Salix exigua OBL 
Spotted Touch-Me-Not Impatiens capensis FACW 
Red-Osier Dogwood Cornus stolonifera FACW 
American Elm Ulmus americana FACW- 
Eastern Cottonwood Populus deltoides FAC+ 
Black Walnut Juglans nigra FACU 
Multiflora Rose Rosa multiflora FACU 
Bristly Gooseberry Ribes setosum NA 
Staghorn Sumac Rhus typhina NA 

WETLANDS WEST OF CR 850 E 

Common Name Latin Name Wetland Indicator Category 
Broad-Leaved Arrowhead Sagittaria latifolia OBL aquatic - emergent 
Narrow-Leaf Cattail Typha angustifolia OBL 
Sandbar Willow Salix exigua OBL 
Black Willow Salix nigra OBL 
Spotted Touch-Me-Not Impatiens capensis FACW 
Silver Maple Acer saccharinum FACW 
Red-Osier Dogwood Cornus stolonifera FACW 
Eastern Cottonwood Populus deltoides FAC+ 
Staghorn Sumac Rhus typhina NA 
Key:  OBL  = obligate wetland species; probability of occurrence in wetlands: > 99% 
 FACW = facultative wetland species; probability of occurrence in wetlands: 34 to 66% 

FACW+ = facultative wetland species; probability of occurrence in wetlands: 51 to 66% 
 FACW- = facultative wetland species; probability of occurrence in wetlands: 34 to 50% 
 FACU = facultative upland species; probability of occurrence in wetlands: 1 to 33% 

FACU+ = facultative upland species; probability of occurrence in wetlands: 17 to 33% 
 FACU- = facultative upland species; probability of occurrence in wetlands: 1 to 16% 
 UPL = upland species; probability of occurrence in wetlands: <1% 
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4.6.8 Estimated Cost of Construction 
 
4.6.8.1 Enhanced Wetland West of CR 850E 
 
The probable cost of construction for the enhanced wetland is $72,000 (Table 40). To 
develop this cost, we used estimates from Supporting Design Report for Wetland 
Development to Improve the Water Quality of Hamilton Lake (Harza, 1999), and 
adjusted by an inflation and safety factor of 10%.  For materials costs less than $100,000, 
engineering fees were calculated at 15% of the materials cost.  For materials costs above 
$100,000 engineering fees were calculated at 10% of the materials cost.  Services during 
construction were estimated at 10% of the materials cost.  A 25% contingency was 
applied to the subtotal of materials, engineering, and services during construction.  This 
estimate is based on 2001 dollars. The stilling basin will be designed to hold 3-5 years 
worth of sediment, after which time maintenance costs will be incurred for sediment 
removal.  Annual inspection of the structure is also recommended. We estimate that 
maintenance costs will be approximately 5% of the capital cost of construction. 
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Table 40 
 

COST ESTIMATE FOR ENHANCED WETLAND WEST OF CR 850E 
Item Cost Unit Amount Total 
Dewatering of Work Area $ 5,500  lump sum - $  5,500  
Sediment Sampling and Testing $ 1,650  sample 3 $  5,000  
Sheet Pile $      34  Square foot (installed) 265 $  9,100  
Excavation $      23  Square yard (small jobs) 27 $     600  
Rip Rap $      33  ton 37 $  1,200  
GeoTextile Fabric $        7  square yard 27 $     200  
Mobilization/Demobilization $11,000  lump sum - $11,000  
Clearing and Grubbing $  3,300  lump sum - $  3,300  
Restoration $  3,300  lump sum - $  3,300  
Surveying $  5,500  lump sum - $  5,500  
Services During Construction @ 10% $  5,000 
Engineering @ 15% $  7,000 
Subtotal $57,000 
Contingency @ 25% $15,000 
Total $72,000 

 
4.6.8.2 Sediment Trap in Bayshore Channel 
 
The probable cost of construction for the sediment trap is $69,000 (Table 41). To develop 
this cost, we used estimates from Supporting Design Report for Wetland Development to 
Improve the Water Quality of Hamilton Lake (Harza, 1999), and adjusted by an inflation 
and safety factor of 10%.  For materials costs less than $100,000, engineering fees were 
calculated at 15% of the materials cost.  For materials costs above $100,000 engineering 
fees were calculated at 10% of the materials cost.  Services during construction were 
estimated at 10% of the materials cost.  A 25% contingency was applied to the subtotal of 
materials, engineering, and services during construction.  This estimate is based on 2001 
dollars. The stilling basin will be designed to hold 3-5 years worth of sediment, after 
which time maintenance costs will be incurred for sediment removal.  Annual inspection 
of the structure is also recommended. We estimate that maintenance costs will be 
approximately 5% of the capital cost of construction. 
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Table 41 
 

COST ESTIMATE FOR SEDIMENT TRAP IN BAYSHORE CHANNEL 
Item Cost Unit Amount Total 
Sediment Sampling and Testing $ 1,650  Sample 3 $  5,000  
Sheet Pile $      34  Square foot (installed) 530 $18,000  
Mobilization/Demobilization $11,000  lump sum - $11,000  
Restoration $  3,300  lump sum - $  3,300  
Surveying $  5,500  lump sum - $  5,500  
Services During Construction @ 10% $  5,000 
Engineering @ 15% $  7,000 
Subtotal $55,000 
Contingency @ 25% $14,000 
Total $69,000 

 
4.6.9 Recommendation 
 
We recommend the sediment trap in the Bayshore channel, due to its lower cost and its 
estimated trapping efficiency of 45%.
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5.0 ACTION PLAN AND SCHEDULE 
 
The following lake protection strategies are proposed for implementation at Lake 
Wawasee.  
 

1. Restore Dillon Creek flow to Johnson Bay via a lock and dam structure in the 
Enchanted Hills channels and a culvert connecting the channels to the wetland 
under East Wawasee Drive. 

 
2. Stabilize and revegetate shorelines in Enchanted Hills through: 

 
• Fiber rolls 
• Herbaceous Vegetation  
• Sheetpiling  
• Boulders and Stone 

 
3. Increase sediment trapping on Dillon Creek at site DC2 (at 1100 North Road) via 

an enhanced wetland (sheetpile dam). 
 

4. Reduce source sediment by creating an erosion control plan for the Leeland 
Addition watershed. 

 
5. Reduce flow velocities and erosion of the streambed on Martin Ditch by installing 

five check dams along the creek. 
 

6. Reduce source nutrients by creating a nutrient management plan for the South 
Shore golf course. 

 
7. Reduce nutrients and sediment from the golf course parking lot and clubhouse 

facilities via filtration through a bioretention facility east of the South Shore 
County Club parking lot. 

 
8. Increase sediment trapping at the Bayshore watershed by installing a sediment 

trap in the Bayshore channels. 
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The estimated costs for the recommended lake protection techniques are outlined below. 
The project components have been described in previous sections of this feasibility study.  
The approach outlined in Table 42 is recommended for state and/or federal cost-sharing 
as part of a design and implementation project.  Engineering fees and contingencies are 
included in the costs below. 
 

Table 42 
 

BUDGET FOR DESIGN AND IMPLEMENTATION PROJECTS 
Treatment Type Section Construction Services Engineering Contingency Total 

Restore Dillon Creek 
Flow to Johnson Bay 
Via Lock and Dam 

4.1 $133,000 $14,000 $14,000 $41,000 $202,000 

Enchanted Hills Grade 
and Bank Stabilization 

4.2 $1,943,000 - $195,000 $535,000 $2,673,000

Enhanced Wetland on 
Dillon Creek at DC2 

4.3 $59,000 $6,000 $9,000 $19,000 $93,000 

Erosion Control Plan for 
Martin Ditch Watershed 

4.4 - - $1,800 $200 $2,000 

Five Check Dams on 
Martin Ditch 

4.4 $18,000 $2,000 $3,000 $6,000 $29,000 

Nutrient Management 
Plan for South Shore 
Golf Course 

4.5 - - $1,800 $200 $2,000 

Bioretention for South 
Shore Country Club 
Parking Lot 

4.5 $119,000 $12,000 $12,000 $36,000 $179,000 

Sediment Trap in 
Bayshore Channel 

4.6 $43,000 $5,000 $7,000 $14,000 $69,000 

Total  $2,315,000 $39,000 $243,600 $651,400 $3,249,000
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We recognize that funds may not be available for immediate design and implementation 
of all of these recommended projects. Therefore, we recommend that the following five 
projects be designed and implemented during 2001-2002: Enhanced Wetland on Dillon 
Creek at DC2, Erosion Control Plan for Martin Ditch Watershed, Five Check Dams on 
Martin Ditch, Nutrient Management Plan for the South Shore Golf Course, and a 
Sediment Trap in the Bayshore Channel. We recommended designing and implementing 
the remaining projects at a later date. The schedule is designed to reflect this two-tiered 
approach. 
 

Table 43 
 

PROPOSED SCHEDULE FOR DESIGN AND IMPLEMENTATION PROJECTS 
Activity 2001 2002 2003 2004 
Quarter: 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Restore Dillon Creek Flow to Johnson Bay Via Lock and Dam            D D D  x  

Enchanted Hills Grade and Bank Stabilization            D D   x  

Enhanced Wetland on Dillon Creek at DC2   D D D  x          

Erosion Control Plan for Leeland Addition Watershed     D D           

Five Check Dams on Martin Ditch     D   x           

Nutrient Management Plan for South Shore Golf Course     D D           

Bioretention for South Shore Country Club Parking Lot           D D D  x  

Sediment Trap in Bayshore Channel   D D D  x          

D = Design Phase 
X = Construction 
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